














rt AAS 9 EI A/a 2 


-f 


wr 


a/sAtinw/ 


~sJ Mew sING 



















































A CHALLENGE 


The problem of universal well-being offers a chal- 
lenge and a call to duty that the engineer may not 
refuse. The primary conditions and responsibility 
for universal well-being now rest upon his shoulders, 
and the engineer does not like to be concerned with 
a half-finished “‘job.”” There is good reason to 
believe he will do his share of work in attaining the 
ultimate results desired. Already there are signifi- 
cant signs that he has accepted this duty. 

Unless we can in some manner change our 
industrial system so that we can more nearly attain 
universal well-being and distribute the fruits of our 
industry more equitably, we have no reason for be- 
lieving that our civilization shall endure, and its 
bones will surely strew the shores of time with those 
of the great civilizations that have preceded us. 





DeExTER S. KIMBALL 
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Contributors and Contributions 





National Leadership 


That universal! well-being, depending primarily upon 
the industrial background, may be attained under the 
leadership of the engineer, was the sentiment of the 
presidential address of Dexter 8. Kimball at the An- 
nual Meeting of the A.S.M.E. 

Since his graduation from Leland Stanford, Jr. Uni- 
versity in_1896, with the exception of a few years spent 
with various engineering firms, Dean Kimball has been 
a member of the Cornell faculty. Until 1915 he was 
professor of machine design and construction, and since 
that time he has occupied the chair of industrial engi- 
neering. He became dean of the College of Engineer- 
ing in 1920. 

He is co-author with John H. Barr of Elements of 
Machine Design, and author of Industrial Education, 
Principles of Industrial Organization, Elements of 
Cost Finding, and Plant Management, as well as of 
many contributions to the technical press. 


Engineering and Economics 


At a joint meeting of the American Economic Asso- 
ciation and the A.S.M.E. during the Annual Meeting 
two papers on engineering and economics were pre- 
sented. Wesley C. Mitchell who spoke on Making 
Goods and Making Money, is director of research at 
the National Bureau of Economic Research and pro- 
fessor of economics at Columbia University. 

Dr. Mitchell was graduated from the University of 
Chicago in 1896 and studied at the Universities of 
Halle and Vienna in 1897 and 1898. He was instructor 
in economics at the University of Chicago for two years 
and in 1902 went to the University of California as 
professor of political economy. He joined the faculty 
of Columbia University in 1913. 

EK. M. Herr, who is president of the Westinghouse 
Electric & Mfg. Co., East Pittsburgh, Pa., clearly de- 
fined the manager’s responsibilities in relation to the 
human problem in industry. Mr. Herr is a graduate 
of the Sheffield Scientific School, and has received 
degrees of D.Se. from Franklin and Marshall College 
and A.M. from Yale University. He is amember of the 
corporation of the latter institution. Previous to his 
present position, which he assumed in 1911, Mr. Herr 
was connected in various capacities with several railway 
lines in the northwestern United States, with the Grant 
Locomotive Works in Chicago, and with the Westing- 
house Air Brake Co. 


Symposium on Stokers 


Three papers presented at a joint meeting of the 
Stoker Manufacturers’ Association and the A.S.M.E. 
during the Annual Meeting are abstracted in this 
issue. The authors of these articles are men of long 
experience in stoker work. Thomas A. Marsh, an 
Englishman by birth, is a graduate of the University 
of Illinois and since 1906 has been connected with the 
Green Engineering Co. at East Chicago, Ind. 

George I. Bouton, for seven years chief engineer for 
the Murphy Iron Works, Detroit, Mich., is a graduate 
of Washington University. He spent seven years as 
engineer for Bryan & Humphrey in St. Louis, nine 
with the Heine Safety Boiler Co., and four in consult- 
ing mechanical engineering in New York. 

Howard F. Lawrence has devoted the most of his 
time since his graduation from Stevens Institute to the 
development, operation, and general design of under- 
feed stokers, with particular reference to the Taylor 
stoker. 


Tests of a Type “WW Stirling Boiler 


Using information obtained from extensive tests 
conducted during 1921 on a large Type “W”’ Stirling 
boiler at the Connors Creek power house of The Detroit 
Edison Co., seventeen of these large boilers have been 
rebaffled with a resulting improvement in boiler-plant 
efficiency and an increase in the degree of superheat of 
the steam. These tests were described in a paper 
presented at the A.S.M.E. Annual Meeting and in- 
cluded in this issue. Its author, Paul W. Thompson, 
has been connected with the Detroit Edison Co. since 
October, 1913, as technical director of the operation 
of generating plants. Mr. Thompson is a graduate of 
Cornell where he taught heat-power engineering for 
two vears. 


Power Required for Cutting Metal 


Fred A. Parsons, chief engineer of the Kempsmith 
Milling Machine Co., Milwaukee, Wis., through the 
Machine Shop Division of the A.S.M.E., contributed 
to the Annual Meeting a paper giving the results of 
an investigation to determine the fundamental laws 
governing milling, turning, planing, and drilling opera- 
tions on the various metals and alloys used in machine 
construction. This paper contains formulas and tables 
by means of which the power required to machine 
metal in any given case may be calculated. 

Mr. Parsons has been connected with the Kemp- 
smith Milling Machine Co. since 1911, with the ex- 
ception of a few months when he was machine designer 
for the Cincinnati Milling Machine Co. His early 
experience was obtained in various shops in Kalamazoo 
and in the metal plant of the Baker-Vawter Co. at 
Benton Harbor, Mich. 


Testing Involute Spur Gears 


The Machine Shop Division of the Society also con- 
tributed to the Annual Meeting a paper by Mansfield 
Estabrook reviewing some of the more commonly used 
methods of testing or inspecting spur gears. Mr. 
Estabrook was graduated from Harvard in 1899 with 
a B.A. degree and from the Massachusetts Institute 
of Technology in 1901 with the degree of 8.B. in 
mechanical engineering. Since his graduation he has 
been with the Niles-Bement-Pond Co., except during 
the war, when he was a captain in the Ordnance De- 
partment, connected with the inspection of small arms. 


Lumber-Cutting Waste and Production 


This issue contains an article outlining the principles 
and application of a wage-incentive plan which has 
been successfully operated to reduce lumber-cutting 
waste and increase production. Its author, Carle M. 
Bigelow, chief engineer for Cooley & Marvin Co., 
Boston, Mass., since 1916, is a graduate of Rhode 
Island State College. From 1912 to 1916 he was in 
the employ of the Glenlyon Dye Works, Saylesville, 


R. 1. 


The Engineering Index 


Attention is called to two important changes in re- 
gard to The Engineering Index: the location of the 
main portion at the end of the advertising section and 
the supplementary list of last-moment items on page 
82. The reasons for these changes will be found on 
the editorial pages. 
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By DEXTER S&S. KIMI 
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this method in conquering unfriendly 

nature and turning her resources to our use has been most remark- 
able, and as it has become increasingly clear that physical, mental, 
and spiritual well-being depend primarily upon the industrial 
background, the insistencé that the benefit of modern industrial 
methods be more widely distributed has increased in like propor- 
tion. If I read the ideals of American democracy aright, we are 
committed in this country to an endeavor to secure universal 
well-being. 

The benefits that have accrued to all classes of people in modern 
civilization are beyond question and are more apparent when 
comparison is made either with older forms of civilization, or even 
with existing handicraft nations. The general level of physical 
comfort and education as seen in modern nations is unquestionably 


1 Presidential Address at the Annual Meeting, New York, December 4 
to 7, 1922, of Tae AMERICAN Society OF MECHANICAL ENGINEERS 
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interest to the engineer, using this term in its widest sense to in- 
clude all industrial workers who use the scientific method. For 
modern civilization is largely what he has made it, and the civiliza- 
tion of the future will be largely what he wishes it to be. It is 
too much of course to claim that the engineer, unaided, can solve 
these difficult problems, but it is undoubtedly true that if he will 
direct his energies to the problem of the distribution of wealth as 
earnestly as he has devoted them to its production he can make a 
contribution to industrial economics that will be exceedingly help- 
ful. The engineer, and he alone, has a direct and personal knowl- 
edge of the great industrial machine that he has created. Until 
recently he has entrusted the operation of this machine to others 
who often knew little about its refined mechanism. It is high 
time that he took charge and operated this complicated mechanism 
himself. 

There would seem to be little doubt but that modern productive 
methods on the farm and in the factory will eventually produce 
sufficient wealth to make universal well-being possible if our meth- 
ods of distributing this wealth can be made properly effective to 
this end. Economists tell us that, as yet, we have not reached 
this point of production. It would seem, however, that even now 
if our energies were all bent more upon the production of necessities 
and less upon luxuries and pleasure-giving products, a great rise 
in the general level of well-being would occur. A superficial 
examination of every-day surroundings will convince any one of the 
tremendous amount of productive effort wasted now upon the things 
that profit us but little physically, mentally, or spiritually. To 
say the least, the prospect of a higher level of well-being viewed 
from the standpoint of necessary production is very hopeful. 

Furthermore, it should be noted that the efforts of the engineer 
are no longer confined to the design and actual production of 
commodities. The principles of mass production that have so 
greatly reduced the cost of commodities he has now quite fully 
developed. The wide application of the principles of mass produc- 
tion has been made possible by mass financing, the work of the 
financier. The engineer, in turn, is now developing the principles 
of mass management, and his contributions to the philosophy of 
management are already noteworthy. I believe most business 
men would be surprised to know to what a large extent the methods 
of the engineer have invaded their chosen field, and there can be 
little doubt but that the near future will see the engineering type 
of manager a predominant figure in all industrial administration. 

This adventure into a broader field has brought the engineer for 
the first time face to face with the greater problem of human rela- 
tions in industry and the distribution of wealth. In times past 
he has given little or no thought to these problems, but has as- 
sumed that they lay outside of his field. This assumption is no 
longer true, and whether he wishes to consider these problems or 
not, they confront him in this new field of industrial management. 
He cannot avoid the issue. 

It will be freely conceded that the preparation of the engineer 
for these new duties is far from adequate, and two of his short- 
comings stand out conspicuously. The first is his lack of knowledge 
of the economic principles of industry and commerce. It is true, 
of course, that the field of abstract economics is still far from being 
an exact science and many of its theories are controversial. But 
that is no excuse for a lack of knowledge, on the part of the in- 
dustrial manager, of this important and growing subject which 
aims to replace ignorance and empiricism with accurately reasoned 
results. Furthermore, every engineer is by nature an economist. 
The location of an industrial plant, the design of a great power 
house, the location of a railway are all problems in economics, and 
the tangible things with which economies is concerned are familiar 
objects to every engineer. This need in the equipment of the engi- 
neer is now fully recognized, and in a fair way to be remedied. All 
first-class engineering colleges now prescribe more or less economic 
study, and students of engineering recognize this study as a neces- 
sary part of their mental equipment. 

Another important weakness in the mental processes of the engi- 
neer is his lack of knowledge of human nature and, worse still, his 
lack of sympathy with human problems. He is by nature a con- 
structive individualist and usually impatient to obtain results; 
and, as a consequence, impatient of any obstruction, human or 
physical, that stands in the way of these results. And he is by 
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nature a cave dweller given to introspection, unskilled in expressing 
his views verbally, and lacking usually in the companiable qualities 
that take strong hold upon subordinates. Of course there are 
many exceptions to these general criticisms, but in the main 
I believe they are true. This weakness, no doubt, is responsible 
for the failure of engineers as a class to take an interest in all civic 
matters and the reason why they have been, until very lately, a 
negligible factor in national affairs; though some of the present- 
day national problems are of especial interest to all men of this 
calling. Butit would seem that this difficulty is, also, in a fair way to 
be overcome if one may judge by the great activity manifested lately 
by local and national engineering organizations in civic and national 
problems. 

Over against these weaknesses of the engineer must be placed 
certain inherent qualities that strengthen his claim to industrial 
leadership. He is as a class essentially honest. His entire training 
and professional experience are such as to demand honesty of 
thought and purpose in all of his transactions. It is true, of course, 
that here also there are exceptions, but they are comparatively 
rareones. Engineers as a class are honest, and if anything is needed 
today in management more than anything else it is this ancient 
virtue. 

The engineer also often occupies a strategic position in industry 
which is of great importance in controversial matters. As the 
designer and planner of industrial enterprises he stands between 
capital and labor, and he is, not infrequently, better informed of 
the real difficulties at issue than are either sides of the controversy 

Furthermore, human progress must rest to a large extent upon 
a knowledge of the experiences of the race. This is true in all 
lines of human activity, and particularly true of a civilization that 
rests upon scientific achievement. The hope of the future lies 
largely in making accessible to all the great mass of accumulated 
experience that has come down to us. The engineer, of all men, 
has stood out preéminently in this respect as one who knows and 
uses classified knowledge to the fullest extent of his ability. The 
great leaders of the past had, for the most part, no conception of 
the importance of recorded experience. With few exceptions they 
took their knowledge and experience with them. The modern 
engineer has been the first to endeavor to reduce to written form 
the basic principles of industrial leadership, and his work in this 
field has already commanded worldwide attention. 

And last, but most important, the engineer has command of the 
scientific method of attacking problems. With this he has prac- 
tically solved the problem of production and is now rapidly rebuild- 
ing the field of administration. Is it unreasonable to suppose that 
he cannot make a great contribution to the problem of the distri- 
bution of wealth if he attacks this problem in the same whole- 
hearted manner that he has applied himself to these other fields 
of activity? There is indeed very good reason t» believe that if he 
makes proper preparation he will bulk large in the industrial leader- 
ship of the future. 


A New Form or INpustTrRIAL LEADERSH:P NEEDED 


All thinking men who know anything about industry agree that 
we are sadly in need of a new form of industrial leadership, but the 
source of this new leadership does not seem to be clear. And it 
should be noted that future industrial leadership will be closely 
associated with political leadership, so closely are the problems 
of industry linked with political administration. History gives 
us an idea of what has occurred in the past and gives us some 
basis from which we can draw conclusions as to the leadership of 
the future. The first form of national leadership was the military 
type, the rule of the strong man. This extreme form of leadership 
still prevails in some countries, though it is hoped that it has seen 
its day and will soon disappear from the earth. It was natural 
that the military form of government should be adopted i. the 
first factories and large industrial enterprises. And this principle 
has certain inherent advantages that will undoubtedly prolong its 
use, though the modern tendency is to modify its more extreme 
features. The complexities of industry and the dependence that 
must now be placed upon expert advisers render any form of 
autocratic industrial government almost impossible. 

In modern democracies military rule has been succeeded by 
what may be termed legal government. Today our social, political, 
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and industrial activities are governed by a very comprehensive 
code of legal regulations that rest upon precedent and upon the 
opinions of eminent jurists sometimes affirmed and reaffirmed many 
times. These legal restrictions are a valuable guide since they 
embody the experience of the race with conditions that have oc- 
curred. The lawyer has always rendered and is still rendering a 
great service to humanity in collecting public opinion and codifying 
it for our guidance; and for this reason the lawyer has always been 
prominent in public affairs as an interpreter of justice as prescribed 
The legal method and the legal mind, 
however, are for the most part backward looking in their processes. 
They aim to correct abuses as they arise in the body politic or in 
industrial life, and while the legal mind is ofimmense value tosociety, 
it cannot be said to have developed any philosophy of industrial 
life that holds out hope of a solution of these problems. An ex- 
cellent illustration of our modified point of view as affecting the 
legal government of industry is to be found in our modern compen- 
sation laws. For many years all courts have held that a workman 
could secure compensation for injuries only if he could prove that 
he had not been guilty of negligence and that his fellow-workers 
had not been guilty of contributory negligence. Or in other words, 
the burden of proof was upon him to show that the blame lay 
upon the employer. This legal ruling had been confirmed re- 
peatedly and it should be noted that, in general, the worker had to 
have recourse to law to secure compensation. Suddenly, almost, 
these old laws were swept from the statute books and the modern 
compensation acts passed which provide that workmen and their 
families shall not be made to suffer because of the dangers of in- 
dustry. They practically affirm that accident compensation is a 
proper charge upon production and should be borne by the commun- 
ity interested and not by the unfortunate workman and his family 
who, usually, are not in a financial position to assume this load. 
This is clearly a step toward universal well-being and indicative, 
I believe, of other similar changes. 


by precedent and usage. 


There is, therefore, good 
reason to believe that the legal type of mind is not likely to produce 
the much needed new industrial leadership. In fact, it is more 
than likely that the legal regulations of the future will not rest so 
much as heretofore upon ancient usage, but will be greatly modified 
in their viewpoint by the new industrial conditions. 

There remain for consideration two other types of mind from 
which a new industrial leadership may come, namely, the business 
or financial type, and the scientific type. The business type of 
mind with the aid and counsel of the legal and engineering fraterni- 
ties has built up modern industry as we now see it. There can be 
little doubt as to the ability of this type of mind to plan and direct 
the larger aspects of industry along existing lines. One weakness 
of this type of mind lies in its apparent inability to appreciate or 
rather to acknowledge that a new industrial day has dawned in 
which industry is being viewed more and more as the support of 
human life and not as a means of producing private, corporate, or 
state profits. It is rather reluctant to admit the philosophy of 
universal well-being as defined in the foregoing. Whether it can 
be made to appreciate this view is an open question. 

Another weakness of this type of mind is its lack of technical 
knowledge of modern industry. As industry becomes more and more 
complex the business man is compelled to depend more and more 
upon the engineer for advice and knowledge. It is this very 
phase of modern industry that is rapidly forcing the role of in- 
dustrial manager upon the engineer. The truth of these statements 
is shown in considering complex industrial problems like the twelve- 
hour shift, which is partly at least a technical problem. The best 
report upon this subject that has as yet appeared is the report of 
the Committee appointed by the Federated American Engineering 
Societies. It is the best because it is based upon accurate technical 
knowledge of the industry and not upon speculative hearsay as 
most of these industrial reports are. The futility of any other 
kind of report is well illustrated in the Muscle Shoals controversy, 
which could be settled quickly and accurately by a properly chosen 
engineering commission. If the new industrial leadership comes, 
therefore, from the business world, the business type of mind, I 
believe, will have to be greatly modified. 

Dean Inge, the noted London divine, reasoning along lines similar 
to the foregoing, comes to the conclusion that the only hope for new 
industrial leadership lies with the business type of mind on the 
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ground that the scientific type of mind is somewhat visionary or 
theoretical and not practical enough for the solution of this great 
problem. With all respect to the learned dean, I would point out 
that workers in the field of science are of two well-defined types, 
and this distinction holds true probably for all fields of human 
activity. In science, as in philosophy, there are minds that 

be described as minds of the first order. These are the minds that 


blaze the way by seeking out new truths whether of science, phil- 
osophy, religion, or what not. At no one time in the history of 
the world has there been a large number of such minds as compared 
to the total population, and the entire list of such great prophets, 
poets, philosophers, and scientists is insignificant when one considers 


the vast number of people that have lived on this globe. It 

true that this type of mind is usually visionary and impractical, 
for which Heaven be praised! but upon it rests all hope of future 
progress. The true scientist who is interested only in discovering 
new truths or the man whose mind is even strongly drawn in this 
direction is usually not capable of directing the energies of others. 
Sut the engineering type of mind (which may be described as 
belonging to the class of minds of the second order) is interested in 
applied science and is for the most part eminently practical when 


brought into contact with practical problems. 


It is a mind capable 
of high development along business and financial lines, while vet 
retaining in its background the 
attacking problems which have 


powerful scientific methods of 
made modern industry possible 
And this is the great contribution that the engineer can bring to 
this problem of universal well-being. The one great thing wi 
all seeking is justice; but there is no justice where there is no knowl- 
edge, and the engineer, again using this term in its widest sensi 
alone possesses an accurate and intimate knowledge of industry 

No one would presume to say that the engineer alone can 
the industrial riddle, but it is clear that he can make a very great 
contribution to the solution. But it becomes increasingly clear 
that hope of a solution rests with the two groups just discussed. 


The National Department of Education has for some time been 
advocating strongly that engineering students be taught more of 
the fundamentals of business and that young men preparing for 


the field of business and commerce be instructed in some of the 
And it may be that we shall 
yet develop a combination of these two fields that will produce the 
new type of industrial leader. But whether the new leadership 
comes from one field or the other, or from a combination of 
two, the problem of universal well-being offers a challenge and a 
call to duty that the engineer may not refuse. The primary condi- 
tions and responsibility for universal well-being now rest upon 
his shoulders, and the engineer does not like to be concerned with 
a half-finished “job.”’ There is good reason to believe he will do 
his share of work in attaining the ultimate results desired. Al- 
ready there are significant signs that he has accepted this duty. 
The activities of city, state, and national engineering societies in 
all manner of civic problems in which they are competent to ex- 
press an opinion need no rehearsal here. A few years ago it was 
unthinkable and unbelievable that an engineer should hold a high 
political office. Yet today we see with great satisfaction two 
engineers occupying gubernatorial chairs, one of them also an 
inventor of note, a Past-President of this Society and possessing a 
mind approaching at least that of the first order. More encourag 
ing still we see an eminent engineer chosen, for the first. time, to 
sit in the Presidential cabinet. These are pioneer adventures in a 
field that hitherto has been considered the exclusive territory of 
the lawyer and the politician, and their experiences are being 
watched with great interest by all thinking engineers. 
undoubtedly the vanguard of a larger invading army. 
Whatever the result, we may be assured of one thing. 


outstanding features of engineering. 


They are 


Unless 
we can in some manner change our industrial system so that we 
can more nearly attain universal well-being and distribute the 
fruits of our industry more equitably, we have no reason for be- 
lieving that our civilization shall endure, and its bones will full surely 
strew the shores of time along with those of the great civilizations 
that have preceded us. But if we can solve these problems, and I 
believe we can, there is hope that there may arise in America a 
civilization fairer than any that this war-weary world has yet seen, 
where universal well-being shall be a reality, and not a dream, and 
where liberty and justice shall prevail. 








Making Goods and Making Money 


By WESLEY C 


Engineers and economists, according to the author, have always had a 
common interest in production, but they have worked on different parts of 
the problem and have used dissimilar methods. Recently, however, the two 
sets of workers have come into closer touch, because economists have begun 
to use quantitative methods and engineers have begun to study the whole 
organization of the processes of production. 

Quantitative analysis of production may run in terms of money, goods, 
As a community we are more interested in wel- 
But in 
practical affairs the business enterprise is forced to subordinate its interest 


or some index of welfare. 


fare than in goods, and more interested in goods than in money. 


in promoting welfare and in producing goods to the necessity of making 
money; for if it does not make money it will cease to produce. 

The system of economic organization which presents this contradiction 
between our deeper and our more superficial interests seems, nevertheless, 
to promote the production of goods and material welfare more efficiently 
than any other plan which men have so far devised. It is a highly flexible 
system, offering free scope to the inventive genius of both engineers and 
economists. 

Among the improvements needed at present are methods of stabilizing 
the monetary standard, controlling the business cycle, allowing production 
to be organized in units large enough to attain maximum industrial effi- 
ciency while safeguarding the community against high prices, etc. En- 
gineers are equipped to make constructive contributions toward the solution 
of many of these problems. 


OTH engineering and economics have been concerned with 
the production of wealth since their beginings. But they ap- 
proached the problem from such different angles and with such 

different aims that at the outset they scarcely came into touch 
Adam Smith and James Watt were friends at the University of 
Glasgow when Smith was delivering the lectures which grew into the 
Wealth of Nations, and when Watt was making his experiments 
upon Newcomen’s engine. Both of these Scotchmen had a plan for 
increasing the efficiency of production; but one plan centered in 
freedom for individual initiative, and the other in a separate con- 
denser. It was not at all apparent at the time that this economist 
and this mechanical engineer could contribute to each other’s 
work. 

One hundred and sixty odd years have passed since Adam Smith 
and James Watt started their careers in Glasgow. In this interval 
the industrial revolution, which was getting under headway in the 
1750’s, has produced a new world. Looking backward, it is now 
clear that this new world is a joint product of engineering and 
economics. Adam Smith’s ideas could not have influenced the 
reorganization of economic policy as they did without the develop- 
ment of steam power. James Watt’s engine could not have run its 
conquering career without an opportunity for individual initiative. 
The mathematical instrument maker of the University of Glasgow 
and its professor of moral philosophy have been more intimate 
co-workers than either dreamed. 

Meanwhile engineering and economics themselves have been 
growing. The engineer has begun to busy himself with other 
things than machine designing. He sees his problem as one which 
takes in all phases of the process of producing goods. He is inter- 
ested not merely in his mechanical equipment but also in the choice 
and training of the personnel, in the planning and routing of work, 
in the purchasing and storing of materials, in the distributing 
agencies which handle the product, in the methods for winning 
markets, even in questions of financing. Thus the engineer has 
begun to attack many of the problems which concern the economist. 

Although it must be admitted that the progress of the economist 
has been legs rapid, he is to be credited with trying to practice the 
quantitative methods characteristic of engineering. Adam Smith 
had “no great faith in political arithmetic.’’ His successors, blessed 
with better data and knowing more mathematics, are coming to 
have great faith in statistics. By the development of this tech- 

1 Director of Research, National Bureau of Economic Research, Inc. 
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This expansion of the « ngineer’s problems and this Improvement 


in the economist’s methods are bringing the two sets of worker 
touch. 


into closer Today they are conscious of their common 


Adam Smith and James Watt were not They 
ho longer ior a later gen ration to perceive that they are co-workers 


interests, as Wait 

Fundamentally their common problem is still what it 
Smith lecturing and Watt The industrial 
revolution which was beginning then is continuing still. 


Wiis whe n 
Was experimenting. 
very 
decade since 1750 has witnessed important advance sin enginecri 


no 
ne 


and important changes in economic problems, if not in economic 
solutions. The need for further progress in the technical arts of 
production is not one whit abated by all the marvels of electricity 
and automatic machinery. Nor is the need for further progress in 
the arts of economic organization less pressing than it was in the 
generations of Adam Smith, Ricardo, or John Stuart Mill. The 
common task is to carry forward the industrial revolution through 
this generation—to carry it forward in such fashion as to make it 
yield our race still greater benefits. 

It is not likely that economists can contribute to the further 
perfecting of machine design, though they may render help in 
problems of industrial organization. On the other hand, engineers 
no doubt can and will contribute greatly to the solution of economic 
pre blems. To those problems they bring a special type of training, 
an organized method of attack, which should enable them to see 
many things wanting or awry in the conceptions. 
By constructive criticism they may make the economists’ contribu- 
tion more efficient, and in working with economists they may learn 
some things of advantage to themselves 


economists’ 


Tue Turee LEVELS or Economic ANALYSIS 


All that I have said so far is exceedingly general in character 
May I go on to matters somewhat more definite? My aim is to 
set our common problem of production in a perspective useful alike 
to engineers and economists. 

The process of producing goods has been viewed in three ways 
Subjectively it has been treated as a process of seeking to gratify 
wants. Industrially it is a process of making goods. 
business viewpoint itis a process of making money. 


From the 


Corresponding to these three ways of viewing one and the same 
process of production, there are three levels of economic analysis 
the level of satisfactions, the level of goods, and the level of prices. 

l;conomic theory long cherished the ambitious design of penetrat- 
ing to the satisfactions level of analysis. It sought to explain most 
economic phenomena in terms of a balancing of subjective sacrifices 
against subjective satisfactions. In so doing it became itself sub- 
jective. So long as it followed that tack it was not possible for 
economists to use quantitative methods. For, despite much search- 
ing, no satisfactory units have been found in which to reckon either 
men’s sacrifices or their satisfactions. And without units, of 
course, one cannot cast up totals or strike averages. At best this 
level of analysis yields but a dubious explanation of why men behave 
in certain ways—‘dubious” because modern psychologists have 
discarded for the most part the notion that our conduct is a caleu- 
lated pursuit of satisfactions. 

Gradually dropping this inefficient type of speculation, economists 
have recently begun to develop a more objective type of work—a 
descriptive analysis of economic behavior, as opposed to a subjective 
explanation of choices. It is this shift which enables them to use 
quantitative methods in their theoretical inquiries. We cannot 
measure sacrifices and satisfactions, but we can count goods and 
reckon in money. Within a limited range of problems we can also 
go behind commodities and prices to something more fundamental 
and yet susceptible of measurement—not sacrifices or satisfactions, 
but some objective index of physiological conditions or some ob- 
jective record of behavior. For example, it is possible to investigate 
fatigue, to grade men by intelligence tests, to study the reaction 
of certain occupations upon health, and so on. It is true that 
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these efforts to carry quantitative analysis into the realm of physi- 
ology and psychology are still in the pioneering stage, but does 
not the success already attained suffice at least to justify faith in 
future progress in this direction—progress to which not only en- 
gineers and economists but also physiologists and psychologists 
must contribute? For convenience of reference, let us say that 
this type of work runs on the welfare level of analysis. 

The quantitative economist, then, and the engineer who attacks 
economic problems are concerned with money values, with goods, 
or with some objective index of welfare. As between these three 
levels of analysis there is no question but that the welfare level 
is the most significant and that the money level is the least signifi- 
Indeed, money and goods get 


cant. g 


whatever significance they 
possess only in so far as they represent a contribution to welfare 
We rate the goods level of analysis as more significant than the 
money level because a bushel of wheat has a more direct and un- 
ambiguous relation to welfare than has $1.25, which may be the 
price of wheat on some given day. 

To illustrate the practical importance of these distinctions, let us 
We should like to reckon this in- 
come in terms of common welfare, but we cannot conceive of welfare 
a magnitude. So we do the next best thing and think of the 
an aggregate of commodities and services ob- 
tained by the nation within a year. 


refer to the national income. 


as 
national income as 
Such an aggregate we can 
conceive in bushels of wheat, tons of coal, board feet of lumber, 
When 
come to measure this magnitude, however, we are forced to 
express the different classes of goods in terms of money values. 
That is, we make our computations on the most superficial level 
of analysis and state the national income in billions of dollars. 

We are not forced, however, to stop short with so superficial a 
result, for we can work back again from money to goods. Thus, 
when our money estimates of the income of the American people 
show an increase from 33 billions in 1914 to 45 billions in 1916 we 
ean analyze this nominal gain of 37 per cent into the part due to the 
rise of prices and the part due to the increase of physical output 
between a year of severe depression and a year of great activity. 
By applying appropriate index numbers of prices to the various 
sections of the data we can get revised estimates of the national 


ton-miles of transportation, months of schooling, and so on. 
we 


income in “dollars of constant purchasing power.’’ These revised 
figures come out as 33 billions in 1914 and 40.7 billions in 1916. 
That is, the estimate of the two-year gain in national income is cut 
down from 37 to 23 per cent.' 

For most purposes this lower estimate of the increase in the 
national income in which the fluctuations of prices have been 
cancelled as accurately as may be, strikes us as more significant 
than the unrevised estimate. It is easy to increase the national 
income to any limit by monetary inflation—easy and harmful to 
welfare. 

Where, then, do we stand in our efforts to treat economic prob- 
lems by quantitative methods? What we seek to promote is 
welfare, but welfare we cannot measure except in certain details 
where objective indexes of physiological or psychological conditions 
are available. So we work on the assumption that an increase 
in commodities and services generally brings with it an increase of 
welfare. Itis on that assumption that we seek to promote efficiency 
in producing goods. But we have to measure the progress of effi- 
ciency in money values whenever we are including goods of many 
different kinds. While we can afterward correct our figures for 
changes in the price level, they still remain in money terms—a 
hypothetical money of constant purchasing power. And the mean- 
ing of these monetary aggregates is exceedingly difficult to interpret 
except when we are comparing one such aggregate with another. 


Tue Money Economy 


The various levels of analysis in economic investigation are 
matters of profound and practical concern to the engineer as well as 
to the economist. 

In considering the national income it is obvious, as previously 
stated, that money is important because it represents goods, and 
that goods in turn are important because they contribute to welfare. 





1 Income in the United States. 
Research, vol. i, pp. 64 and 72. 
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But in the process of production as now organized these relations 
are reversed in large measure. Production is carried on more and 
more by business enterprises, and business enterprises must make 
money if they are to keep going. The men in charge of a business 
enterprise may be filled with zeal for public service, but they must 
make enough to pay expenses and something over or they will have 
to find some other way of serving the public than running a business. 
The men in charge of another enterprise may be engineers interested 
primarily in perfecting their processes and products; but they must 
keep their passion for technical perfection within the limits set by 
money profit or they will be eliminated from the ranks of business 
managers 


It is no disparagement of business men to say that in business they 


subordinate the making of goods to the making of money Chey 
are compelled to do so by the system of which we all are parts 
If they fail to get their profits they cannot go on making goods 
(nd it is to the interest of all of us that business men should get 
their profits, as every period of business depression proves. For 
when business promises losses instead of profits, production falls off 
and the national income is diminished, in extreme cases perhaps by 
10 per cent 

But while it is silly to blame any one for this situation, it neverthe- 
less bristles with economic contradictions. From the national 
viewpoint money making is a means toward making goods; from 
tl 


ie individual viewpoint making goods is a means toward making 
money. From the national vic wpoint the engineer is the central 
figure in production; in practice he takes orders from the business 
man. A community is well off in proportion to its efficiency in 
producing a current supply of the necessities, comforts, and ameni- 
ties of life 


getting a 


; an individual is well off in proportion to his efficiency in 
money 

This practical subordination of 
goods to our individual interest in making money produces grave 
Sut before enumerating them, it should be 
phatically stated that the money economy is doubtless the 


income. 

common interest in making 
consequences. em- 
best 
form of economic organization for promoting the common welfare 
which men have yet devised. This opinion is based on the fact 
that the money economy has developed out of simpler forms 
of economic organization in 
the world, and that, broadly speaking, this development has been 
No forced our forefathers in America to give 
up raising their own food, making their own clothing, and cutting 
their own fuel 


all the most progressive nations of 


spontaneous. one 
They changed from the practice of making goods 
for their own families to the practice of making money incomes and 
buying goods made by others because they liked the results of the 
more elaborate plan better. In medieval times the king of England 
traveled around the realm with his court subsisting on the produce 
of the royal manors. When the king began to commute the labor 
services of his villeins and their dues in kind into money pay- 
ments, the villeins shared with the king in the advantages of a 
better arrangement. So almost all the elaborate machinery of 
the money economy has grown up by slow degrees because me! 
thought they got more goods or better goods when they worked for 
money than when they produced for themselves. The villeins 
have been converted into wage earners, the craft guilds have given 
way to the merchant and the factory, the weekly markets where 
neighbors met to barter have been superseded by retail shops, 
banking has evolved from small beginnings into an ubiquitous 
business, the joint stock company has become the dominant form of 
business organization, all because on the whole these changes recom- 
mended themselves on trial to large and growing sections of the 
population. Of course most of these changes were accompanied 
by grievous hardships to many individuals, but if the new organiza- 
tions had not filled demands numerous enough to make them pay 
they could not have broken through “the cake of custom.” 

It must also be set down to the credit of the money economy 
that it is a marvelously flexible institution. It has been developed 
in a dozen ways undreamed of by the medieval money lender. 
Its capacity for further development and adaptation to human 
needs has no visible limits except the limits of man’s capacity for 
invention. With that thought in mind let us consider some ways 
in which the money economy serves us ill, in the hope that the 
engineers and economists may invent practicable devices for better- 
ing its operations. 
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SoME DEVELOPMENTS NEEDED IN THE Money Economy 

To begin with an obvious point, our dollar is not a stable unit. 
It is subject to continuous and wide variations in purchasing power, 
and these variations introduce uncertainty into business plans, cause 
undeserved losses to some and confer undeserved gains upon others. 
Various plans for stabilizing the dollar have been proposed—plans 
which merit critical study. But this whole topic is so familiar and 
its challenge to our inventive power so clear that this mere mention 
is sufficient. 

Scarcely less obvious is the problem of controlling business cycles. 
Economic history shows that when any nation develops the money 
economy to such a point that a large part of its people get their 
livings by making and spending money incomes, its industry be- 
comes subject to more or less regular alternations of feverish 
activity, financial crisis, and industrial depression. Of late years 
these business cycles have been the subject of quantitative investiga- 
tion, so that our knowledge of the phenomena, while still far from 
complete, is yet sufficient to suggest various methods of exercising 
control over the cycle—methods such as the systematic scheduling 
of business operations with reference to anticipated changes in 
demand, the long-range planning of construction work, the launch- 
ing of new products and increase of advertising when business is 
dull, more circumspect granting of credit in periods of activity, the 
improvement and wider use of business barometers, various schemes 
of unemployment insurance to reduce labor turnover and sustain 
the purchasing power of wage earners in periods of depression, and 
the like. Most of these plans emphasize the policy of “prevention 
rather than cure;” that is, they seek to diminish the wasteful ex- 
cesses of booms as the best means of diminishing the severity of 
crises and depressions. All these plans are in the experimental 
stage. Engineers by virtue of their scientific training and their 
intimate relations with business men are likely to take an active 
share in testing these schemes and perfecting the best among them. 

Another problem presented by the money economy is the clash 
between our desire for efficient production and our fear of being 
exploited by very large corporations. At present the work of 
production is systematically planned and controlled within the 
limits of each independent business enterprise. But we have no 
systematic plan for industry as a whole. Our industrial army is 
like a collection of military units of different sizes each efficiently 
led—squads under sergeants, companies under captains, regiments 
under colonels, a few brigades under generals—but an army without 
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a general staff and without a general plan of campaign. However 
well the separate units are disciplined and led, there is loss of effi- 
ciency through lack of coéperation among the units. Under such 
circumstances, every increase in the size of the independent units 
extends the within which careful organization and 
lessens the area in which no planning is possible. But as the com- 
panies combine into regiments and the regiments into brigades, 
we are afraid that the larger units will levy upon us a tribute which 
exceeds the savings from heightened efficiency. How, then, can 
we unite the efficiency of large-scale production with safety to the 
consumer? 


area exists 


To that vexed issue of economic policy the organizing 
genius of the engineering profession may address itself with ex- 
cellent results. 

Other problems might be discussed—the possibility of cutting 
down the overhead which business needs impose upon industry, 
the possibility of raising the efficiency of Government service, 
the elimination of all methods of making money that are 


detri- 
mental to public welfare, the advantages of investment in improving 
the personnel of industry as compared with the advantages of 
investment in plant, conflicts in interest arising from the im- 
mortality of nations and the short span of individual lives, what 
constitutes waste and how it may be minimized, the effect of changes 
in the standard of living upon production, the relations between the 
distribution of income and production of income—all matters of 
concern to engineers and economists alike. But enough has already 
been said to illustrate the main contentions, and illustration is all 
that is possible in treating so wide a topic in a brief paper. 

To sum up, the industrial revolution has been marked by changes 
in economic organization as well as by changes in engineering 
technique. To keep this beneficent revolution going will require 
further changes of both types, economic and engineering. We 
should not be less alert to note the imperfections of economic 
organization than we are to note those of mechanical methods. 
In one field as in the other our best hope of constructive accomplish- 
ment lies in developing scientific analysis in quantitative terms. 

How to make production for profit turn out a larger supply of 
useful goods under conditions more conducive to welfare is a prob- 
lem that gives scope for the most diverse abilities and training. 
It is a problem that can be broken down into manageable parts 
which can be attacked by quantitative methods, and the advances 
made by one discoverer can be made the starting point of his sue- 
cessor. 


The Human Problem in Industry 


By E. M. HERR,? EAST PITTSBURGH, PA. 


That the human problem in industry is not a new thing is shown by 
the author's review of labor conditions in the Roman Empire, England, 
France, and this country, from ancient to modern times. Wéith the increase 
in manufacturing and decrease in agriculture, however, new elements have 
been brought into the problem. A much smaller percentage of the population 
is now working and living conditions have greatly changed. The larger 
scale of industry places a greater degree of responsibility upon the manager, 
who must win the confidence of his employees and take every step known to 
scientific management to secure their cooperation, both for his own benefit 
and for theirs. According to Mr. Herr, shop representation, fair wages, 
security of employment, and means for education are among the demands 
of workers and merit the earnest consideration of all managers. 


i, ARE perhaps inclined to consider the present industrial 

problems as new and peculiar to this day and age and it 

is somewhat surprising to find how closely the labor 
problems and conditions of twenty-five hundred years ago approach 
those of today, in spite of a total change in background. 

i In the preparation of this paper acknowledgment is made particularly 
to the authors quoted in the text, to Messrs. C. Osborne Ward (The Ancient 
Lowly) and W. L. Chenery (Industry and Human Welfare), and to Mr. 
Tracy Lyon for suggestions and valuable data, as well as for information 
made available by the National Industrial Conference Board. 
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During a thousand years of ancient times, for the most part 
before the Christian era, self-supporting and self-regulating organ- 
izations of workmen existed, which were remarkably similar to the 
trade unions of today. They were publicly ecknowledged and 
legislative enactments made to control them, notably the Roman 
laws of Numa Pompilius, who succeeded Roraulus as emperor, 
and the Greek laws of Solon (about 700 B.C.). These laws, 
liberal for a time when the slave element entered so largely into 
industry and held up even today as models by labor advocates, 
were to the benefit of the state as well as the workers. (The tribune 
Tiberius Gracchus was their able supporter.) They were weakened 
however, under the reigns of successive tyrants. (Caesar, under 
the conspiracy laws of 58 B.C., broke up all the “unions” except 
those which were very ancient) and finally they were lost with the 
Christian massacres of Diocletian in the early part of the fourth 
century and the subsequent feudalism of the dark and middle ages. 

The immediate cause of the destruction of these far-reaching 
labor organizations seems to have been the coveting of their wealth 
and power by the rulers of the day, together with their association 
with the persecuted Christians. Nevertheless the Christian move- 
ment early became a helpful factor in labor conditions, although 
it was first opposed by the unions because of its interference with 
the production of idols and other supplies for pagan temples. 

The records of these workers’ associations (Collegia) are frag- 
mentary, but fully authenticated as including from century to 
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century most of the trades and crafts of the day. 
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decorators, doctors. 


goldbeater 
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lapidaries, masons marble cutters, plasterers of 
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pavers, sculptors, silversmiths, stonecutters, statuaries, veterinaries. 
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included 
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other early organizations, notably of the armorers 
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found in the ruins of Pompeii show that the unions 
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sufficient propor- 


wars.” was the up- 
rising led by 
astrously, and it is authentically 
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And so the tide of the |} uman element 


flowed t} rough the cent 
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ines, with its vital effect welfare 


upon the 


and happiness of all civilized peoples—through the feudal and 
medieval times with their greater or less industrial activity. when 
all mechanics and traders were organized into gilds possessing 
important legal powers and often exercising great political in- 


fluence, to the time of the so-called English (industrial) revolutior 


in 1760, which marked the beginning of the factory svstem and a 
departure from isolated craftsmanship under oppressive land- 
lordism 

The ssitudes were 1 Under a Statute of Labor, issued 
in the fourteent!] ceentur t one of the time of plag 1¢ In England 
it was decreed | edward III that thereafter labor should be 
given no greater wage than that received before the “Black Deat 
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y | PROBLEMS IN THIS ( NTRY 

To come to our own country, at the beginning of the last century 
there wert ery few factories, and those then existing had only 
small number employees. We were a rural and agricultural 
people—as late as 1820 less then five per cent of the American 
people lived in cities with a population of 8000 and over. Today 


we are the greatest manufa ld and over 


nation in the wor 
half of our population are city dwellers. 


turing 


lasses the richest. 


Farmers were of many « masters of princi- 
palities, and the pioneers, each with but a few acres of poor clearing. 
Manufacturing was a home industry, carried on el iefly by farmers 
and their wives, children, and servants, and by wandering mechan- 
ics. The artisan was sometimes a freeman but often an indentured 
or “redemptioner” servant. Many of these people were imported 
as late as 1835, their services being bought and sold. 

The hours of labor in nearly all industry were from sunrise to 
sunset, even in the early New England textile mills, in which 
women and children did most of the work. It seemed entirely 
right in those times that little girls of ten should work fourteen 
hours daily, receiving about a cent and a half an hour 

Wages were certainly not high. In Massachusetts, for instance. 
from 1800 to 1815 laborers received from 35 to 75 cents a day; 
arpenters and blacksmiths about $1.00; millwrights, machinists, 
painters, coopers and foundrymen about $1.13; a mason as much 
as $1.66; tailors and shoemakers about $6.00 a week, and women 
employed as domestic servants their board and 50 cents a week. 

In such a world the foundations of modern industry in America 
were laid. From the beginning of the 19th century the factory 
system steadily grew with the accompanying human struggles. 
About 1825 occurred the first strike for a ten-hour day. “Sweat- 
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shop” methods had then begun, but there was as vet no met! od 
1 


of reducing the labor cost of production by the 1 
machinery, outside of the textile industry 


ise of labor-savir g 


Local trade unions sprang up more or less intermittently 


f irly 
iakers’ and printers’ trades, 
both for mutual benefit and insurance, and for the 


but it was not 


in the century, principally in the shoen 


re duc tion of 
until the 


' y " 
take eflective form 


working hours and the 
hities that 


increase of wages, 


national organizations began to 
These were pretty well shattered by the depression preceding the 
Civil War and did not really 
and eighties 


With tl} e 


cle Ve lopme nt 


come into being until the seventies 
onstant growth of the factory system and the contir ied 
of machinery, the value of all manufactured product 
in the United $170,000,000 in 
to more tl} 1919. or 


estimated at about 
an S60,.000,000 000 in 
three hundred and sixty 


States, 1812. 


ipproximate ly 
fold, while the 


population had increased 


In this compar n the consideration of relative com: 
output of 1919 by perhaps one-third 


Prices were very high immediately succeeding the World War and 


Irate ce parable figures of the ¢ irly period are not availabl 

The Colonial manufacturer was the mechanic or artis who had 
gathered about him a few irneymen and apprentices 

[Net IN SIZE OF MANUFACTURING PLANTS 

Reference | been made to the effect on the human problem in 
industry of the great increas¢ the size of manufacturing establish- 
ments is with thi rease per contact between employer 

lL employed < ily bee es more difficult. 

Judging from the trend of public sentiment, it might be assumed 
that the factor svstem is practically dominated by the so-called 
interests or t1 s, but as show: the United States census of 
1920, | ! greater number of manufacturing establishments 
even now are small—over eighty | ent with twenty or less hands 

nd nearly ninety-five per t th | than one hundred 
although it is true that near! per cent of the wage earners 
re rated in ( d large est shi ts 

l l ‘ ving above one hundred 
( \ f s it 

, 
' 3°9 
cy recent authorit thea 


that 1s, 


n ber of ex y rusts combi 3 
controlling in the neighbor d of three-quarters of the national 
suppl 7 tneir res e probably does not exceed one 
hundred, and practically all of the se came into being between ISS7 
d 1903, nearly twenty years ago. 
Under our liberal incorporation laws, perhaps too liberal in theit 
lack of uniformity, corporate management is increasing. Tne 


number of 


proport onate 


employees and the value of the product 
ged 
by individuals or partners, comprising nearly seventy-five per cent 
of the whole 


f manufacturing corporations, as distinct from industries man 


fifteen years ago, has increased to nearly ninet) per 


~ 


CIAL COMPOSITION OF WORKERS 


An unportant element in the 
today is the racial compositi 
report of the United State 
before t eC 


human problem in industry of 
According to a 
[Immigration Commission on conditions 


n of the workers. 
war, the distribution of industrial workers at that 
Native-born native father 
y per ct nt of these colored), 25 per cent; native-born Am ricans 
of foreign father, 17 per cent; foreign born, 58 per cent. 


time 


was about as follows: Americans of 


It is interesting to note that the first-mentioned class, or more 
purely American, was employed most extensively in railway trans- 
portation, the manufacture of cars and locomotives, electric sup- 
plies, firearms, knit goods, gloves, collars, shoes, cigars, tobacco, 
etc. 

With industry dependent to such a large extent upon foreign- 
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born workers, the recent immigration laws threaten, for lack of 
“common” labor, the return to and maintenance of normal pro- 
duction, and it is to be hoped that these laws will be made reason- 
ably liberal and that restrictions will be based on fitness instead of 
as at present without regard to the immigrant’s character or quali- 
fication to become an American citizen. 
DECREASE IN PERCENTAGE OF WORKERS 

As has been pointed out, in the early days of this country almost 
everyone was an industrial producer, including the housewife and 
children above the age of seven. It is rather surprising to find 
that, according to the United States Census of 1920, about forty 
per cent of the inhabitants of the United States support the entire 
population, directly or indirectly, according to the following 
distribution: 


Persons Engaged in Gainful Occupations Per cent 


Manufacturing and mechanical industries (including building 


trades) Porrrr eT , 12.1 
Agriculture ‘ , 10.3 
Trade and clerical 7.0 
Transportation... pee 3.0 
Mining week? 1.0 
Public and professional 2.8 
Domestic and personal. .. 3.1 39.3 


Not Engaged in Gainful Occupations 
Over ten years of age , 38.9 
Under ten years of age... ; ‘ 21.8 60.7 


100.0 


Although our Government has from its inception fostered manu- 
facturing industry, largely by tariffs and patent laws, there has 
been since the time of Alexander Hamilton a public feeling and 
belief that agriculture was the backbone of the nation and manu- 
facturing a supplementary source of wealth. To this belief may 
be attributed no small part of public indifference to the ills of 
working conditions. 


Tue HuMAN PROBLEM IN INDUSTRY 


Let us now turn our attention more directly to this problem in 
an endeavor to ascertain at least some of the directions toward 
which its solution trends. 

There is a human problem in industry because human nature 
is as we find it and as it always has been. This problem, as we have 
seen, is as old as humanity and will in all probability continue 
throughout the ages to come. It has varied and will continue to 
vary in intensity and in character. A study of the past and present 
conditions, however, gives promise of a continued and steady 
improvement in the relations of those who make up this problem. 
How, then, can this improvement in industrial relations be best 
continued? 

The principal new thing about the human problem in industry 
is that industry is now conducted on a large scale—larger than ever 
known before—and that the problem has been intensified not only 
by factory employment and all that goes with it, but by the greatly 
increased size of manufacturing establishments, by the concentra- 
tion of population in cities having a large foreign element of often 
radical tendencies, and by the insecurity of employment, in which 
business cycles play a large part. Furthermore, a very large num- 
ber of people are now entirely dependent upon industrial operations, 
as those employed in manufacturing in early days were not. 

These are concrete things and all conspire to produce conditions 
which cause what is perhaps the greatest problem in the industrial 
relations of today, that is, the underlying labor unrest and distrust, 
born of fear and misunderstanding—fear of coercion, unemploy- 
ment and sickness—and a lack of mutual confidence as between 
employer and employed. There is more liberty and consideration 
for the workers than has ever been known before, and with it has 
come to the workers the greater vision of what they believe should 
belong to them in welfare and happiness. The social responsibility 
of management is being emphasized as never before. 

Of first importance is the responsibility of management in its 
broadest sense. The awakened worker of today, more sensitive 
than his predecessors, intelligent, critical and perhaps irritable, 
must be convinced of the ability of management as well as its good 
faith, and in extreme cases even of the necessity of its being. It 
is said that democracy without management reverts to despotism 
on the mere ground of its inefficiency, and that the fundamental 
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error in the recent Russian failure to provide for its people was 
confiscation of the factories and the expulsion of the managers, 
with the resultant breakdown of discipline and credit, on a false 
theory that labor alone creates wealth, whereas management, with 
credit and good faith, is of the first importance in the process of 
production. 

“Effort in itself’ says King in Industry and Humanity, “‘is of 
little value; it is only effort intelligently directed that counts.” 
The Bolshevik dictators are reported to have been compelled, as a 
means of existence, to resort to despotism in the name of labor in 
the prohibition of strikes enforced by the army, to proposals of 
“scientific management” at any expense, and to offers of high 
salaries to the old managers if they would return. 

It is the duty and responsibility of the management of today 
to prove its “reason for being” and that the collective result of the 
combined efforts for managers and workers is a fine and great thing. 
If they can feel that this is the case, most men will toil cheerfully 
as subordinates. 

It is management's problem to obtain the confidence of their 
employees, to give them every reason to believe and convince them 
by their experience that their treatment is fair and honest and 
without “bluff.”” Since men are naturally distrustful it takes time 
to establish such confidence, and they will discover very quickly 
if the “boss” is not square. It must be established as between man 
and man for the good of humanity as well as the individual that 
labor and management are not foes, but that their interests are in 
every practical sense identical. 

The personnel department is now often the means of establishing, 
that contact with employees which is so essential, governing employ- 
ment, education and welfare, as well as shop representation. Its 
intelligent extension still has far to go and it is regrettable that some 
companies have seen fit to curtail this activity in times of depres- 
sion when they and their men need it most 

These relations should not be handled and directed by the 
personnel department alone. The active heads and real managers 
are the ones on whom this responsibility must rest and who must 
handle it with their employees, not occasionally nor spasmodically 
but regularly and continuously, for work of this kind requires a 
great deal of tuae and patience. This effort on their part will 
gain the confidence of the employees and instil a spirit of coépera- 
tion throughout the organization, and it must be exerted on those 
directly in charge of the daily work of production. Anything less 
than this is futile and doomed to failure. 

Boards of directors must keep in mind this relation and work 
with the officers in determining policies which the managers can 
carry out without destroying valuable relations established only 
after long and patient work and almost impossible to renew. 


SuHop-REPRESENTATION PLANS 


One very large organization cites good practical results of some 
five years’ experience with a plan of joint representation of men 
and management “along simple, plain lines that can be lived up 
to.” They find that if the men are free to make suggestions to 
the management they will not ask an outsider to do it for them, 
and that most questions are settled by local boards. They find 
that workmen are anxious to learn if given a chance, and encourage 
the study in factory schools of the work of other departments. 
This broadens their perspective and increases their interest in their 
own work. They want to see every worker a capitalist, with an 
interest in the company’s stock or with a savings account. In 
view of the justice and importance of steady work, their personnel 
department has special instructions to obtain advance notice of 
necessary layoffs so as to provide other jobs, if possible 
the benefit of the company as well as of the men. 

It is credibly stated that at present there are in the United 
States more than 300,000 employees working under shop-represen- 
tation plans created to give them a voice in the conduct of the 
shops in which they work, and that in by far the larger number of 
cases considerable progress has been made in establishing the most 
cordial relations between management and employees. 

Reference has been made to fears on the part of labor, such as 
fears of layoff or discharge, of arbitrary exactions and reductions 
in wages, of unfair discipline, of ill-health, and until unnecessary 
fears of this sort can be removed by a better understanding and 


this for 
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assurance, labor is obviously incapable of devoting its best energy 


to production. It is consuming time in organization against ills 


that are feared and thereby losing its just and full reward for effort 
in wages and opportunity for wider employment, which would be 
provided by greater public confidence in the investment in industry, 
as well as the elimination of the enormous waste in the joint effort 
which such mutual fears entail. 


\s put by W. L. Mackenzie King: 


(‘onsideration of how best to eliminate fears respecting the distributi 
output touches the crux of the industrial problem How is the 
share of each party to industry to be determined? And how is each to be 
guaranteed its right to share progressively in increasing productivity, and 
be held also to the corresponding obligation to see losses proportionate 
shared? 
WAGES 


The last-mentioned obligation is often overlooked. Nominal 
wages have increased enormously; according to the United States 
Bureau of Labor Statistics, the average hourly rate increased seven 
fold from 1840 to the peak in 1920, and it is safe to assert that real 
wages have also augmented despite the high cost of living and the 
fact that in the early days of industry few workers depended en- 
tirely upon their wage but were “found” many things which must 
now be purchased; also the employment of young children was 
considered proper and the mother bore an undue part in family 
support, both practices which are now recognized as wrong, al- 
though not as yet adequately provided against by law. 

Manufacturers naturally wish to see their employees receive a 
wage, with reasonable working hours, which will support them in 
comfort. This, of course, is only possible when economic condi- 
tions will permit, as wages are not and cannot be based on the cost 
of living. If this condition is to obtain, the employee must live in 
accordance with his income and responsibilities and exercise frugal- 
ity and care in his expenditures. Unless this is done, the real 
interest of the employer and employee will not be conserved be- 
cause wages would be lifted to the point of throttling the industry. 
The employer must also see to it that restrictive regulations, which 
weaken organization and curtail output, are not employed, either 
generally or for the benefit of any group or class of employees. Dr. 
W. I. King, in Wealth and Income of the People of the United 
States, states this principle very clearly as follows: 

The grim fact remains that the quantity of goods turned out absolutely 


limits the income of labor and that no reform will bring universal prosperity 
which is not based fundamentally upon increasing the national income. 


SCIENTIFIC MANAGEMENT 


Scientific management which is in fact little more than getting 
rid of confusion and perfecting adjustments, or in other words, 
good management—has entered largely in recent years into the 
human problem in industry. Its use may be abused, of course, but 
as helping to avoid undue strain on the part of the worker, under 
modern mechanical methods, and waste of time and materials in 
many directions, it should be of benefit to all concerned in industry 
as well as to the community. It should be a part of such manage- 
ment to remove the cause of any hostility to the broadest applica- 
tion of scientific knowledge of the conditions of maximum labor 
efficiency, to the gain of all parties to production. The scientific 
management which dealt in the earlier stage with individual output 
in an engineering way must now deal with men collectively and de- 
velop that scientific breadth of imagination and application which is 
becoming a vital necessity for the welfare of a modern civilized 
community. 

In the introduction to the last edition of Trade Unionism and 
Labor Problems, Professor Commons says: 

Fifteen years ago insurance and unemployment were placed last, now 
they are placed first in this book. 

Further on he says: 

The psychology of labor, both in good and hard times, is fundamentally 
the psychology of a class of people whose life is insecure, who are subject 
to rough methods of discipline. We cannot understand the problem of 
dealing with labor unless we understand that fundamental fact of insecurity 
of employment. 

The accident-compensation law has accomplished the first little 
step toward giving security to the job. It has shown that the only 
way to establish safety and security is by making it financially 


profitable to do so. And so shall we make it 

to business to eliminate to a large extent the wage Ik due to 
unemployment on account of sickne ges in 
seasons, and on account of fluctuations in busin I 

never accomplish this result. The only possible accomplishn 

of it will come when the employer arranges to cover unemployment 
from sickness by some adequate form of insurance, to the expense 
of which the employee will contribute, indemnifying the employee 
iwainst loss of employment from this cause (accident is now covered 
by our compensation law), and to lessen unemployment on account 
of the fluctuation in production because of changes in seasonal 
demand by the proper use of stocks of finished product so as to 
mooth out these fuctuations and also those due to abnormal 


irlations in business activity. The latter are much more difficult 
to provide against as they are irregular and often of large magni- 
tude. When very great they cannot be entirely smoothed out 
but can always be lessened and are a real problem worthy of the 
effort of any manage 

Not only do increased security and continuity of employment 
greatly lessen the human problem in industry but on account 
lessened labor turnover and uniformity of production they also 
reduce the cost of the produ t. 

Many progressive industrial organizations have gone far beyond 
the requirements of the accident compensation laws and the safe ty 
of the worker, incurring large expense in providing liberally for 
free life insurance for their employees, advantageous savings and 
loan opportunities, housing, service pensions, and educatior 
This education provides employees, at nominal or no expense, with 
the teaching of English to 
| 
trades apprentices and the training of college men for service in 


almost every curriculum desired, fro 
foreigners to a vocational or technical course, the education 


the manufacturing, engineering and sales departments 
Kk pUCATION OF WORKERS 


There are other phase s of he Ipful education which might well be 
prompted by the conditions of modern industry. One of these is 
in pointing out how to make repetitive work, in itself monotonous, 
interesting. A knowledge of the “why” of their product and the 
use of it and of related products of other departments has been 
found to materially broaden the operator’s perspective. Then, 
too, workers can be encouraged to exercise their ingenuity in de- 
Vising means to lighten and quicken their work and thereby in- 
cidentally increase their earnings. With shorter working hours 
there arises the question of what to do with idle time. Any one 
who investigates the use to which the average employee devotes 
his leisure undoubtedly will be convinced that such employee 
would be much better physically, rie ntally, and morally if he had 
less idle time, for it is generally used in loafing or in amusements 
which consume a material part of his earnings without correspond- 
ing benefits. 

The question is often raised, “Is there not a great source of 
satisfaction in attainment? Work well done and with a knowledge 
of progress is a source of enjoyment and with many takes the 
place of the recreation others find necessary to their happiness. 
Education of both sexes in ways in which to use leisure time profit- 
ably yet pleasantly is needed. The tendency toward shorter work- 
ing hours makes the training of the young to use their leisure 
profitably more and more important. They should be taught 
thrift, for a thrifty person will not uselessly waste bis leisure time. 

The human problem in industry cannot but be largely affected 
byexample. H.G. Wells, in some articles written about ten years 
ago on the labor unrest in England, which are unfortunately quite 
applicable to our conditions of today, speaks of the disturbing 
influence of ‘“‘the obvious devotion of a large and growing propor- 
tion of the time and energy of the owning classes to pleasure and 
excitement” and the way in which this spectacle of amusement 
and adventure is being brought before the eyes and into the imagin- 
ation of the working man. ‘We have, in fact,’ he says, “to pull 
ourselves together and make an end to all this slack extravagant 
living. I believe that in making labor a part of every one’s life 
and the whole of nobody’s life lies the ultimate solution of these 
industrial difficulties.” 

The human problem in industry, as has been pointed out, is 
very complex and can never be entirely solved. We will do a great 
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and valuable service to humanity if we can measurably improve the 
feeling of confidence of the employee in the employer and gain his 
hearty codperation. To obtain this much, however, in addition to 
our educational work in its broadest sense, we must always and 
fundamentally be absolutely honest in our dealings, not only honest 
in our actions but also in our thoughts and intentions. Unpleasant 
facts necessary to be told to employees should be given them as 
honestly as the others and very promptly so as to give them al! pos- 
sible time to adjust themselves to difficult or distressing conditions. 

Finally, is it not clear that at least one direction of the solution of 
this human problem in industry is along educational lines? First, 
education of ourselves, the employers, to a more general understand- 
ing of the spiritual, personal, economic, and physical relations invol- 
ved; and second, education to encourage and aid in every proper way 
the general and vocational training of the employees in thrift, espec- 
ially the younger boys and girls, but also the mature but still impres- 
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sionable group of young men and women who are keen to learn how 
their position in the workaday world can be improved. Example in 
this effort to educate and train the employee is especially effective. 
Such educational effort should establish confidence and encourage 
codperation. It should also be directed so as to develop individua- 
lity in each workman and woman. The sense of individual progress 
and freedom was the controlling motive with the founders of this 
great country. By keeping this characteristic strong in our young 
people we will perpetuate, strengthen, and develop the true Ameri- 
can spirit in our land. 

Let us therefore substitute the rule of reason and intelligence for 
force and so endeavor to restore in America the freedom of the in- 
dividual, be he employer or employee, “that freedom which enables 
the young man to look into the future with confidence, knowing that 
the only limitations to his achievements are the boundaries of his 
intellect and the measure of his energy.” 


Discussion at Engineering and Economics Session 


T THIS session of the A.S.M.E. Annual Meeting, held in 
A the auditorium at 8 p.m. on Wednesday, December 6, under 

the joint auspicesof the Management Division of the A.8.M.F. 
and the American [Economic Association, two papers were pre- 
sented: namely, Making Goods and Making Money, by Wesley 
C. Mitchell, Director of Research, National Bureau of Economic 
Research, Inc.; and The Human Problem in Industry, by F. M. 
Herr, President, Westinghouse Electric and Manufacturing Com- 
pany. The texts of these papers appear on the pages immediately 
preceding. 

President Kimball, in calling the meeting to order, said that 
the occasion was undoubtedly unique in the history of professional 
organizations. The American Society of Mechanical Engineers 
had long been interested in many joint activities having to do with 
a wide range of affairs, engineering, scientific, humanistic, but 
so far as he was aware, this was the first time that engineers and 
economists had gotten together in joint session to see what one 
might learn from the other. 

Later, in opening the discussion, President Kimball said that 
Dr. Mitchell had brought forward probably the most important 
problem that engineers have before them today, namely, how are 
they to obtain this knowledge of economics to which he has re- 
ferred? Colleges of engineering began some years ago in an en- 
deavor to have all students taught the elements of economics, 
and the largest institutions now require a certain amount of in- 
struction in that subject. It is not an easy thing to secure the 
attention of the students, however, for to them it seems a strange 
subject. That is natural, because we all are afraid of the things 
we do not understand, and just as the engineer was afraid of eco- 
nomics, others are afraid of engineering. 

We are in need of some common basis, some common denom- 
inator of thought, and one of the first changes which has to be 
brought about is the simplification of the language which the 
engineers and economists speak. When we get to the point that 
we can write the elementary principles of engineering and eco- 
nomics so that he who runs may read, there will be some hope of a 
mutual understanding. 


Discussion BY Pror. H. R. SEAGER! 


I find myself in such full agreement with both Dr. Mitchell and Mr. 
Herr that instead of criticising I will ask you to consider another 
application of the clarifying distinction Dr. Mitchell made between 
the money, the goods, and the welfare aspects of our economic re- 
lations. He called his paper Making Goods and Making Money. 
Perhaps the best title for my remarks would be Making Men and 
Making Goods, for I wish to direct attention to a problem which has 
its money aspect and its goods aspect, but which can be solved sat- 
isfactorily only by reference to its welfare aspect. It is in weighing 
against each other gains that can be stated in terms of goods and 
gains that can be stated only in terms of welfare that economists 
and engineers have their most difficult task. Or perhaps I should 
say that it is in connection with the goods plane that engineers should 
be able to render their greatest service to economists, and in con- 
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nection with the welfare plane that economists should be able to 
repay some of their debt to engineers. But, as Professor Mitchell 
pointed out in dealing with welfare problems, we lack the exact 
means of measurement which we have when considering monetary or 
goods problems. Argument must take the place of demonstration, 
and in the end equally intelligent men must often agree to dis- 
agree. 

Let me illustrate by reference to a practical problem that is sure 
to receive an increasing amount of attention during the coming 
year, the problem of the restrictions that should be imposed upon 
immigration. If this problem were to be decided ‘as a problem 
merely of making goods, we should all have to agree that the 
present restrictions, the virtual exclusion of Chinese and Japanese 
immigrants and the limiting of immigrants from other countries 
within a year to three per cent of the number from each country 
who were shown to be here by the census of 1910, are obstructing 
the material progress of the country and should be repealed. 

As a result of the war that steady stream of immigrants, 
averaging a million a year from 1910 to 1914, which used to re- 
cruit our industries, was largely checked. The net gain in our 
foreign-born population from 1910 to 1920 was thus only 3 per cent 
as contrasted with 31 per cent in the preceding decade, and from 
constituting 16 per cent of our total in 1910 they had come to con- 
stitute only 14 per cent in 1920. In 1921 wholesale misery in Europe 
was balanced by widespread depression and unemployment in 
this country. There was danger that immigrants would seek our 
shores again in large numbers when our industries were unable to 
afford employment even to our own citizens. It was to meet this 
situation that Congress in May, 1921, passed the per centum limit 
act which in May of this year was extended for another twelve 
months. : 

Our industrial situation is now quite different. In all parts of 
the country our industries have revived and in place of unemploy- 
ment we have at present a real scarcity of many types of workers. 
It happens that this scarcity is most acute in tne case of unskilled 
laborers, the very type that predominates among our European 
immigrants. 

The arguments for letting down the bars and allowing the hun- 
dreds of thousands of laborers we could undoubtedly employ to 
enter are, from a business point of view, very strong. By maintain- 
ing or even advancing our standards of admission as regards phys- 
ical fitness we could undoubtedly secure in large numbers just the 
type of sturdy and docile workers for which our industries are now 
clamoring. Azcustomed to much lower wages than prevail in this 
country, these men would accept with enthusiasm current rates of 
pay, and the trend of wages upward which is proving embarrassing to 
our reviving iron and steel, copper mining, and other industries 
would be checked. Moreover, immigrant labor from a national 
point of view is always cheaplabor. Other countries have borne the 
cost of rearing immigrants during the unproductive years of child- 
hood, and in admitting them in early manhood we reap the full 
benefit of this investment without having to contribute anything 
to it. 

There can be no question, then, that a return to our more liberal 
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prewar immigration policy would enable us to increase substantially 
our output of goods, and of this large output a goodly share over the 
wages we should have to pay for immigrant labor would remain as 
profits to employers and investors and constitute a net addition to 
our national wealth. 

Notwithstanding these certain material advantages, economists 
very generally oppose a return to our former liberal immigration 
law and for reasons with which we are all familiar 

In this matter there is much more at stake than our national 
wealth. It goes to the very heart of our national welfare.  Al- 
though most of us did not realize it, the admission of an average of a 
million immigrants a year before the war came dangerously near 


to wrecking our country, politically, socially, and economically 


In saving this I do not intend to assert that our native Americans 
are demonstrably superior to the immigrants who come to our 
shores even from Southeastern Europe. What is certain is that 





they are more familiar with our institutions, more generally con- 


vineced that these should be maintained, and better trained in 


When we admit an immigrant we admit not merely another 
pair of hands for our industries, but another potential citizen to 
strengthen or weaken our vital national institutions. Under the 
present 3 per cent restriction 357,803 immigrants may enter the 
country during the current year. The number who will actually 
come in will be substantially less because the countries of northern 
ISurope will not send us the quotas to which they are entitled and 
which we should gladly welcome, while the countries of South- 
eastern Europe will be permitted to send us only a tithe of those 
who eagerly desire to come. But though the number may not 
exceed 250,000, or a quarter of the prewar average, economists 
generally feel that that will be quite as many as we can wisely 
undertake to assimilate in these troublous times. 

The truth is that we have on our hands a highly difficult problem 
in trying to educate our present one hundred and eighteen million 
people to a better understanding of some of the elementary facts of 
economics and government, and cannot afford to complicate this 
task by admitting too many whose ideas and standarcs are already 
fixed. According to a recent writer,' the maximum population 
which the continent of the United States can support is about 
200,000,000 and to maintain even this number it will be necessary to 
import nearly if not quite one-half of our food supply from abroad. 
Moreover it will take less than 200 years for us to multiply to this 
extent even if we make no net additions to our foreign-born popula- 
tion in this period. These estimates may be exaggerated, but they 
emphasize forcibly the truth that our population will multiply quite 
rapidly enough without any immigration, and that our great 
concern henceforth must be over the quality rather than the quantity 
of our people. 

According to one of our leading biologists,? owing partly “to the 
great influx of foreigners of low mental capacity,” but even more to 
the relatively larger families of our less intelligent natives, “our 
average intelligence has probably been declining for the past twenty- 
five years at least.” Just what this means was brought out in 
startling fashion by the results of the intelligence tests applied to the 
1,700,000-odd drafted men during the war. According to the 
same writer these tests indicated that 45,000,000, or nearly half 
of our population, “will never develop mental capacity beyond 
the stage represented by a normal twelve-year-old child, and 
that only thirteen and a half millions will ever show superior 
intelligence.” 

Clearly we need a respite from adding further to the number of 


our population of the routine manual laboring type and should con- 
po} 


centrate all the time and attention we can spare upon means by 
which we can prevent the 45,000,000 at the bottom of the intel- 
ligence scale from further multiplying while we increase the thirteen 
ind a half million of superior intelligence until they become the 
predominant American type. Unless we thus deliberately subordi- 
nate our goods or wealth interests to our national-welfare interests 
the rights to life, liberty, and the pursuit of happinesss, which we still 
consider our most precious national inheritance, will lose their only 
certain sanction, a representative government responsive to an in- 
telligent as well as independent citizenship. 

TR. Pearl, Proceedings National Academy of Sciences, June, 1920. 

? E. G. Conklin, The Direction of Human Evolution, p. 104. 
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Discussion BY Ernest F, DuBrut! 
In the first part of his paper, Dr. Mitchell comments that en- 
gineer and economist today are conscious of their common interests 
and perceive that they are co-workers. This comment is of course 


evidence that thev have not been collaborating in tl e past to any 


great extent In his presidential address to the Americar 0- 
nomic Association last year, Dr. Hollander brought out the -costli- 
ness of this lack of contact during the war, how t neg] of eco- 
nomics led to misguided policies in labor adjustme 
re 1¢ } nd | ink i nistratio He it 
the nad « mists ed t lize ( 

na ¢ er aL il T f 
on th rit i er f 

It is truly 1 that instead of ) 

nce that 1t? I ( 

" table par | ess world’s working know l 
it en T red ! the most part tau 
esoteric m« for college ident t 
that both the economist and business man take effective steps to 
bring economi ] Wn proper place 

Dr Mitchell nas said that engineers no doubt can and will con 
tribute greatly to the solutior of economic problems, to which they 
bring A Spe cial type of training which should enable them to see 
many things wanting or awry in the economist’s conceptions. By 


constructive criticism they may make the economist’s contribution 
more effective and in working wit! omists they may learn some 
As one working with both 
elements I can add a hearty “Amen” tothatstatement. More than 
that, I would appeal to both elements to give sympathetic atten- 


things of advantage to themselves 


tion to what each has to offer in the way of constructive criticism 

I do not lay all the blame for lack of collaboration on the econo- 
mists; the greater part rests properly on the shoulders of the 
business men and the managing engineers. Measuring the great 
economic progress of the world, we may jump to the conclusion that 
economics cannot be of much value since so few of the business men 
who brought about this progress know anything of economic theory 
jut measuring the human element we find that very few people in 
all the world ever undertake a business enterprise, and of those 
few who do, a very large proportion fail, and the failure are not 
all small ones by any means 

It is not illogical to presume that more knowledge of economics 
would make far more successful business structures, just as more 
knowledge of other sciences and their better application has made 
more successful mechanical structures. We no longer leave the 
design of costly and important mechanisms to men who disclaim and 


even disdain the worth of education in physics and mathematics, 


because we have found the percentage of failures to be less when 


we had those mechanisms designed by men trained in theory as well 


as practice The engineer’s function is to const iously coordinate 
practice and theory, and to do this he must have a knowledge of 
both. 

In’ puzzling out reasons for the lack of contact between business 
and economics, I have concluded that it is because, in sales terms, 
business has not been “so To the suggestion that 


qaon economics 
economic science deserved being “‘sold”’ to business, an economist of 


:; 
the academic type gave me the 


shocked response: “Why, that 


would commercialize the science, and destroy its cultural value in 


our course.” To my unacademic mind economics, like engineering, 
is essentially commercial. I think it could be made decidedly more 
cultural than it is now if more teachers taught it as a science of 
living humans instead of as though it concerned on economic 
specimen preserved in academic embalming fluid. Far from shrink- 
ing at the fling of commercialism, I am for selling economics to the 
business world, as we have sold chemistry, physics, mathematics, 
geology, and other organized divisions of human knowledge. 

We business men have learned that to procure consumer accep- 
tance for our goods we must hunt out, run down, coax, stimulate, 
and manipulate our demand. We have learned that such accep- 
tance depends 

1 On the sales effort made, its attractiveness and effective- 
ness 

1 General manager, National Machine Tool Builders’ Assn.; Mem. Am. 
Economie Assn.; Assoc-Mem. Am.Soc.M.E. 
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2 On the service we give our customers to keep them sold 
after we have reached them 
3 On the effective utility of the goods we have to sell 
{ And least, perhaps, on the price we ask. 

In analyzing a sale we business men have also learned the four 
steps through which we must lead our customer’s mind to accom- 
plish the desired transfer of our goods to him and his money to us 
These are: attracting attention, arousing interest, creating desire, 
and inducing action. 

Wherein have purveyors of economic science failed in these? 
As to attracting attention, many of the best of our economists seem 
to prefer academic retirement—and ease—to the hard work nec- 
essary to popularize the science. They may have a mistaken 
notion that it is unscientific or unprofessional, or undignified to 
make a science so popular as to promote effectively its application 
to every-day life. If any science ought to be and can be made 
popular it is economics, the one that deals with getting our living. 

The opportunity of arousing interest in economics is ever present. 
Business men are always interested in the question, ‘How is busi- 
ness?” Their wives often talk about the domestic labor supply. 
Workingmen think a lot about jobs and wages; politicians and citi- 
zens think about taxes, and the gathering and spending thereof. 
Even professors worry at times about the cost of living and whether 
the latest drive for endowments will be successful enough to in- 
crease their own salaries. It would seem very noble to do every- 
thing possible to direct this general interest toward constructive 
rather than destructive action. 

Economists have evidently not created much desire, much ap- 
petite, for economics; and Dr. Hollander gives testimony that in 
the great war crisis they did not induce good economic action. 
Perhaps it is because they have not presented their wares in an 
attractive, appetizing manner. Dealt out as dry, unpalatable 
brain fodder, economics cannot have as strong an appeal as if 
served in the form of a sparkling beverage to quench a human thirst 
for knowledge. Because it has been subjectively treated, as Dr. 
Mitchell has said, it seems to me that the quality of the wares has 
been defective. It is a fatal defect in economics to assume as 
true for the whole what business experience proves to be true only 
for a part, or to assume as true at all times things that are actually 
true only a part of the time. 

Men of course think only as they know, and of course they 
write as they think. Few writers of economic texts have had busi- 
ness experience. They mostly have but limited knowledge of 
fabrication and exchange. Their personal exchange experience is 
limited to purchasing the most evanescent of all goods—food, 
clothing, shelter. So they subjectively formulate laws of supply and 
demand from that consumer angle, and apply that formulation to a 
mere abstraction, the economic man, buying and selling goods and 
services in a perfect economic market. But this method takes no 
account of the human element swayed by caprice and favoritism, 
and hampered by ignorance and folly. According to this theory 
the seller always extracts the last penny of profit from every sale. 
It must be the engineer’s function to constructively criticize such 
a formulation of theory. 

Take the absurd expressions, ‘normal price,” “normal wage,” 
“normal profit,’ “normal business.’”’ The “normal price” notion 
leads people to chasing price-fixing rainbows, meanwhile baying 
the word “profiteer.”” The ‘normal wage” notion leads unions to 
attempt to level up wages regardless of efficiency. The “normal 
profit” notion leads to envy of superior capacity that can make two 
healthy blades of grass grow where most competitors can only get 
one sickly sprout. The silly “normal business’ notion leads men 
to run their business craft aground when the tide of demand goes 
out. That fallacy of a “normal business” has destroyed much 
wealth and wasted much human effort. Men have complacently 
considered a boom quite the normal thing, only to bewail the ab- 
normality of the succeeding depression that their complacency 
brought on. 

Striving for a fallacious simplicity of statement, economists have 
sacrificed clarity of thought in formulating so-called ‘economic 
laws.”’ The subjective method developed a formalism that led men 
to believe that the so-called law of supply and demand was some- 
thing external, universal, and automatic in its operation like the 
law of gravity, and that business simply consists of fabricating 








goods and making a price that takes the goods into consumption 
The business world never could and never will recognize that sort 
of purely imaginary market. 

very business man knows that fabrication is not difficult but 
that sale at a profit is. It is not impossible to start a new automo- 
bile factory and make a better car at a lower cost than the “‘flivver,” 
because the limit of invention is not yet in sight and Mr. Ford is 
still a human being, in spite of all attempts to deify him. Suppose 
such a factory were started, and its owner, counting on the automatic 
operation of the law of supply and demand, were to make a lower 
price than Ford's, and just wait for customers. Would he find 
Kmerson right, that clamorous buyers would beat a path to his 
door, elbowing each other out of line to secure one of the new cars? 
Personally, I would wager that the Ford sales organization would 
put more “‘flivvers ” on the road, and at a higher price. 

Again the usual generalization is fatally defective when a de- 
pression comes on, when nobody wants to buy at low prices; 
or when a boom develops, when every one wants to buy at high 
prices. The usual explanation of these things is, ‘Well, that is 
abnormal; it just cannot be explained by the formula.” Another 
important fact is that the relative elasticity or inelasticity of demand 
in its response to price movement is vitally different for different 
commodities at all times, and is different for the same commodity 
at different times. Economic theory has concerned itself but little 
with the effects of this inelasticity in different businesses. 

England’s leading economist, Alfred Marshall, seemed to think 
that only in the case of a coffin maker working for a local poor 
house would it be impossible to stimulate demand by lowering prices 
and that with this limited exception, the law as formulated by him 
is universally true. Yet manufacturers of industrial machinery of 
all kinds, whose yearly sales amount to hundreds of millions of 
dollars, are precisely in the same boat with this coffin maker, and 
unless they manage their business craft according to actual facts and 
not by generalized errors they are sure to lose their ventures. The 
whole mechanical engineering profession is largely effected by this 
little considered but very important characteristic of inelasticity 
of demand for some goods. 

Making plant equipment of all sorts constitutes a very large part 
of total production from year to year, and each year it constitutes 
an increasing part. How many engineers recognize that such a 
business cannot be continuously operated according to the notion 
of a “normal,’’ because of the nature of its demand? Demand for 
production machinery Is entirely secondary, dependent on the 
demand for the product of the machine, and becomes effective in 
orders from three sources: 

1 From wear-out 

2 From expansion in the market for the machine's product 

3 From improvement of the machine reducing the cost of the 

product. 
Unlike demand for food and fuel there is little recurrent demand aris- 
ing from wear-out or consumption of machinery. Well-built 
machines are relatively long-lived so that actual wear-out is slow, 
and as improvement is always proceeding there is a diminishing 
market each year for old types of machines. “xpansion demand 
comes on only when the machine builder’s customer is starting a 
new shop or is making additions to his capacity to take care of 
prospective increases in his own demand. This is done only well 
along in the prosperity stage of a business cycle, and it stops be- 
fore the boom is over, as soon as the user sees his own temporary 
satiety point looming up. Obsolescence or improvement demand is 
largely an expansion demand, since it involves greater production 
per machine. Expansion demand comes on late in the cycle be- 
cause most men lack both the money and the courage to expand their 
plants during depression. The consequence is that a machine in- 
dustry’s order curve would show relatively sharper peaks and wider 
valleys than consumer goods demand would show. For good rea- 
sons, until the particular cycles of the machine-using industries are 
controlled, buyers will mostly continue to place their orders in that 
fashion, and will not be tempted by the low prices made in a de- 
pression to do otherwise. The machine builder and his employees 
can feast only as the buyer spreads the feast. 

Not knowing much of the practical effects of this inelasticity, 
but assuming that all demand can be made to respond in the same 
theoretical way to a reduction in price, Prof. John R. Commons 
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gravely proposes an absolutely uneconomic scheme, falsely but 
attractively labeled ‘‘unemployment insurance.” It is not in- 
surance at all, because it does not distribute the risk of unemploy- 
ment over a considerable base or over a considerable time. It 
concentrates the risk on the last employer unfortunate enough to 
be compelled to lay off a workman at a time when jobs are scarce in 
his locality and industry. 

Certainly conditions of demand and supply for machinery are 
decidedly different from those for butter. So even though this 
scheme which it is proposed to apply to all employers alike, might 
work no great hardship on a butter manufacturer, that is no good 
premise for a conclusion that its effects would be beneficial in the ma- 
chine industry. Such superficiality is coupled with a_praise- 
worthy desire to do a really constructive thing—to provide a re- 
serve out of which workers can better support a business depression 
But the good motive does not cure the bad logic that is being used to 
further this uneconomic legislation in Massachusetts and Wisconsin 
at this time 

Is it any wonder that business is not “sold” on that kind of eco- 
nomics? Can business be blamed for scoffing when such manifest 
fallacies are gravely put out for public consumption by an economist 
of some standing without much, if any, criticism from this con- 
frerés? Unfortunately it is just such economic stuff-and-nonsense 
that attracts the attention of the unthinking mass and arouses their 
interest Itise isy to create desire for something that looks so eas) 
to get it some one else’s expense and to induce legislative action 
regardless of logic and real economics. And so the sale is made 
here and in Russia. Then, when private initiative is so hampered 
that industry withers, the public finds—too late— that it was “‘sold”’ 

in the sense the bunco man uses the term “sold.” 

Good economics does need selling of the right kind, to replace 
the spurious goods mostly current on the market To do that sort 
of selling will require men of the engineer type, who are now pre 
ferred to the superficial hand-shaking type where anv project ol 
importance is under way. The engineer salesman with a profes- 
sional, scientific background knows his goods and their application, 
and knows how to engineer the sale. 1 believe that when the engi- 
neer takes up economics seriously he will want to “sell’’ it to busi- 
ness, and he will keep business “sold on economics” in the proper 
way. As the engineer is essentially one who carries out the appli- 
cation of other sciences in the furtherance of human welfare, per- 
haps we would call this class of man an Economic Engineer 


Discussion by PresipENtT-l-Lect HARRINGTON 

There is being carried out before us today one of the greatest 
experiments the world has ever known in the endeavor to level 
all standards of living to one common standard, to be applied to 
all the people. A large portion of the Russian people, however, 
have been disillusioned in regard to the possibility of doing that 
The theoretical governments that have been set up in like fashion 
have all failed whether on a large scale or small scale, and their 
endeavor to level the standards of living and to adopt uniform 
production and consumption has failed 

The support given to these ideas has resulted from reasoning 
from the particular to the general—the endeavor to establish 
general laws from a theoretical consideration of individual cases 
The economist must, of necessity, establish his general laws in that 
fashion. The result has been that in this country recently a number 
of pronounced errors have been perpetrated in the endeavor to 
ipply to the nation as a whole deductions made from a few in- 
dividual cases, without regard to locality or local conditions 

The organized workmen have sought vigorously to reduce all 
wages and all returns for labor to a common standard. And dur- 
ng the late unpleasantness with Germany, when our Government 
vas concentrated in the hands of a few, and operated in a very 

rbitrary manner for the sake of winning the war, advantage was 

iken of that situation to establish by law certain uniform standards 
{ payment, not standardizing the living, but standardizing the 
iyment. 

Out of that condition there has arisen the idea on the part of 
organized workmen that a standard of living could be established 
that should be adopted and used throughout the country. And 
it has further been contended that something like $2000 a year is 
necessary to sustain in reasonable American fashion the theoretical 
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family of five of the workman, and various endeavors have been 
made to extend the view that that rate of payment is essential in 
probably our greatest industry, that of transportation. 

It therefore has been brought about that in some portions of 
this country today the standard wage fixed by law or by the regu- 
lation of a commission is double in that particular industry what 
it is in corresponding industries in like localities. It is an absurdity 
to apply the same rule in those portions of the country where food 
and living conditions are comparatively cheap as in those portions 
where they are comparatively dear, for excess wages paid to any 
group In any community are paid at the « xpense of the other mem- 
bers of that community. 

It would se em, therefore, that in study ing the welfare conditions 
in this country we have got to consider very carefully the question 
of differences in locality. For example, it is very difficult to con- 
vince the southern tenant farmer, who has never received as much 
as SOOO a vear and has a poor little house to live in, that his fellow 
in the same community employed on a railroad is entitled to three 
or four times that wage He knows that a rank injustice is being 
done by law 


It would be very sil pie il we could only reduce all ol the a neral 
laws to acommon formula, applicable to anybody and everybody: it 


would avoid thought ind effort But we must deal with the narr¢ ¥, 
with the individual case and bring up the standards of living in 
some portions of our country, which are entirely too low at the 
present time—too low for a wis ernment and for the wise 


cle velopment ot oul peopl while in others there must be repressed 
the tendency to secure more than 1 ghtfully belongs to them. 
It is high time that we addressed « elves cart fully to a broad 


consider ition of the difierences in the 


v conditions of the people 

the various parts of the United States, and the rightful com- 
pensation which they should receive We cannot possibly afford 
to let living conditions go on as the and have been going on 


in certain portions of the United States where they are so low that 


the character of the population is far below the American standard 
These conditions, strange to say, do not prevail so much in our 


larger cities as in the poorer agricultural 


is scanty, where it is difficult to train the people to think about their 


districts, where education 


own condition or to reach them, where the citizenship is widely 
scattered and it is hard to bring them into a common condition for 


their own benefit ind where organization 1s out of the question 


rhe city problems have had many time the study put upon them 
nd are in course of solution, but the problems of our scattered 
ind backw ird agricultura DOD t e not re ng the ( - 
sideration their importance warrants, and more attention should 
iM given to then ty) economists i i engineers 
DiscussION BY PAsST-PRESIDENT FRED J. MILLER 

In the development. « dern economic and industrial life 
we have gotten in some way too far away from the conditions that 
obtained in the earlier and more attractive forms of industry. The 


nearer we can get to a simpler ideal in the development of industry, 
the nearer we shall get to solving many of the difficulties that now 
I believe in the condi- 


tions of economic freedom with a natural leader of the shop to mass 


confront us in our industrial civilization 


the helpers or employees, so that they can, as a group, do better 
work—and with more pront than they could do working as 
individuals, each applying his labor to the materials of nature for 
the support of himself, working for himself and devoting all his 
efforts to his own benefit 

Our modern system deve lops leaders of that sort to a great ex- 
tent, but at the same time we have drawn into the development 
of our industrial life certain restrictions around that very asso- 
ciation that would not take place under simpler conditions, and 
I believe that it would be desirable to find some way of doing away 
with these restrictions, so that these natural associations would 
The leader, even under those condi- 
tions, would be adding to the value of the labor of every man 


come about more readily 


under his direction and would thereby receive the larger reward 
that is due, and properly due, those capable of directing large 
operations, who should be liberally paid for their services. There 
would then be no doubt that each man working under such a 
leader was receiving what was his due, and that the man who did 
the leading was receiving what he should fairly and rightly expect 











Developments in Stoker Practice 


NE of the outstanding features of the 1922 Annual Meeting 
():: The American Society of Mechanical Engineers was the 

well-attended and closely followed joint session of the Fuels 
Division of the Society and the Stoker Manufacturers’ Association, 
held on Wednesday, December 6. At this session three papers 
were presented dealing with the various types of stokers that have 
been developed for the firing of boiler furnaces: namely, The 


Development and Use of the Modern Chain Grate, by T. A. Marsh; 
Overfeed Stokers of the Inclined Type, by Geo. I. Bouton; and 
The Design and Operation of Underfeed Stokers, by H. F. Lawrence. 
A Chronological History of Stoker Development to the Present Day, 
by A. H. Blackburn,' was also presented at this session. Extended 
extracts from the three papers dealing with stoker practice im- 
mediately follow. 


The Development and Use of the Modern Chain Grate 


pe 2. 


After discussing the need of progressive combustion of the several con- 
stituents in coal, and the variations in grate designs to handle different coals, 
the author takes up the improvement of chain-grate practice as regards air- 
tightness, cooling, size of combustion space, etc. He shows how a greater 
boiler capacity can be obtained by increasing grate size or by more intense 
natural or forced draft (0.50 to 0.60 in. for a combustion rate of 40 to 45 
lb. per sq. ft. of grate per hour), but states that high and sudden over- 
loads are best met by forced-draft chain grates burning 55 to 60 Ib. of bitu- 
minous coal per sq. ft. per hour, with air at 2 in. pressure distributed through 
compartments between the runs of chain. He describes such equipment, and 
states that 200 per cent of rating can be reached in 8 min. from a short- 
banked fire, or in 52 min. from a cold grate. The paper concludes with 
a table of results obtained ina number of stations equipped with chain 
grates. 


A NY STUDY of the adaptability of various stoker types and their 
proper functioning as fuel burners must start with an analysis 
of four constituents in coal, namely, moisture, volatile, fixed carbon, 
and ash; or roughly, water, tar, coke, and dirt. These constit- 
uents are so dissimilar that each must be differently treated in 
the combustion process, and specific means for burning them 
in proper sequence must be provided in stoker and furnace design. 
These facts at once determine as fundamentally correct those types 
of stokers embodying the principles of progressive combustion, by 
which is meant in practice a continuous movement of coal through 
the furnace and the providing of definite treatment at proper time 
and place for the burning of each constituent of the fuel. 

Chain grates embody the principles of progressive combus- 
tion. As coal is fed into the furnace, the moisture is vaporized; 
then the volatiles are distilled and burned in suspension, followed by 
the burning of fixed carbon. Finally the ash is discharged over the 
rear, and the air space of the grate is automatically cleaned for a 
repetition of the process. 

Variations in the proportions of these constituents are seen 
in coals from different sources. Some coals are more free-burning, 
others tend toward coking. Some have high percentages of ash, 
others less. Differences as to clinkering or non-clinkering are 
noted. Such variations at once emphasize the fact that no one 
stoker and furnace can be suitable for all coals. Stokers and fur- 
naces adapted for progressively burning certain coals must be 
modified if they are to be used for burning other coals having widely 
different proportions of characteristic constituents. 

Free-burning coals burn best when the fuel bed is undisturbed; 
coking coals demand fuel-bed agitation. High-ash coals demand 
continuous scavenging of refuse from the grate; with low-ash 
coals this is not necessary. Clinkering coals must not be agitated, 
or clinker formations will result. With non-clinkering coal, agita- 
tion has a less detrimental effect. 

Chain grates were first developed to burn high-volatile, free- 
burning, high-ash, clinkering coals. For such coals they offer 
in best form the specific combustion treatment demanded by their 
characteristics. The fuel bed is undisturbed, making this stoker 
type suitable for free-burning and clinkering fuels. The ash is 
continuously discharged from the grates, which is necessary for 
continuous operation with high-ash coals. 





1 Chief Engineer, Under-Feed Stoker Co. of America, Detroit, Mich. 
Mem. Am.Soc.M.E. 


2 Chief Engineer, Green Engineering Co. Mem. Am.Soc.M.E. 
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The development resulting in the modern chain grate has been 
gradual but definite, and has involved the successful burning of many 
coals having far different characteristics. All successes, however, 
have been dependent upon the application of the principles of 
progressive combustion. 
involves some losses: 


Coal burning in any practical process 
a total conversion of the heat in coal into 
heat in steam is impossible. Costs of operation must also be con- 
sidered. These facts determine that every combustion process must 
finally operate with a common-sense balance between the three 
important factors in steam-generation economy: 
tenance, efficiency, and capacity. 


namely, main- 


MAINTENANCE AND EFFICIENCY 


Maintenance and reliability are closely related. The chain 
grate, with two-thirds of the grate surface out of the furnace and 
with a simple driving mechanism, was always low in maintenance 
costs. In the earlier designs, however, some parts were exposed 
both to heat and wear. Parts necessarily exposed to wear or strain 
often did not have sufficient resistance 

The chain, which is the fuel-carrying part, is now subjected to 
but slight heating as a result of adequate ventilation 
are not subject to wear and are not exposed to heat. 


Stoker frames 
When ex- 
posed to heat or wear, replaceable parts are provided 

The high fuel costs of recent years, combined with a broader 
knowledge of combustion principles, have led to the development of 
features for improving efficiency. Inasmuch as chain-grate stokers 
have always involved very low auxiliary power consumption— 
about 0.5 hp. per stoker—all results obtained are practically net, 
and little improvement could be hoped for in that direction. Efforts 
were therefore directed toward the elimination of other losses, such 


as excess air, and to the reduction of furnace and ashpit losses. 


IMPROVEMENTS IN GRATE DESIGN 


Air Leakage. A grate surface moving through a furnace pre- 
sents the problem of air seals along the sides of stoker and at the 
rear. The reduction of air leakages at these places has contributed 
materially to modern economy. 

Overhanging bridge walls and water backs are necessary. All 
attempts to approach efficient combustion without water backs 
have failed. Many designs of water backs were tried, resulting 
finally in the modern water back connected into the pressure cir- 
culation of the boiler. Water backs are successful only to the ex- 
tent that they close the openings and eliminate air leakage between 
the bridge wall and the fuel bed. 

Ledge plates or seals along the sides of the stoker went through 
a similar development, resulting in the modern adjustable ledge 
plates for making a proper rubbing seal with the stoker chain, 
and including means for adjustment to keep this seal intact. 

The development of the ledge-plate flange adjustable against 
the side of the upper chain made it possible to raise and lower the 
stoker to vary the discharge opening under the water back in order 
to meet broad changes in fuel conditions. The improved results 
thus obtained indicated the desirability of a water back adjustable 
as to height, and several designs were developed. These were for 
the most part difficult to construct or to maintain. From such de- 
signs the modern fuel retarder was developed. This is an adjust- 
able member in connection with a fixed water back and bridge wall. 
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The fuel retarder can be raised or lowered to make a definite air 
seal with the fuel bed. 

Sifting of coal through the grate often amounted to from 5 to 10 
per cent of the coal fired. The use of longitudinal skids to carry 
the chain in place of cross-rollers has reduced the siftings to 1 or 
2 per cent, and in addition to labor saving a more uniform fuel bed 
results. 


FURNACE DEsIGn 


Simultaneous with the development of the stoker has been that 
of furnace design. Furnace volumes have been quadrupled dur- 
ing the last 10 vears Modern chain-grate furnaces have 2 cu. ft 
of furnace per developed horsepower. Losses due to unburned 
hydrocarbons have been greatly reduced. Formerly a rating of 
150 per cent was exceptional. However, modern high-set arches 
with ample draft and adequate furnaces permit high combustion 
rates and high ratings from boilers 

Improved furnaces, proper draft, longer arches, water backs, 
and fuel retarders have all contributed to the reduction of ashpit 
stoker and furnace efficiency is depend nt, not on a 

‘one loss, but on a minimum sum of the losses due 
to excess air, ashpit loss, and unburned hydrocarbons. The 
rate and furnace permit adjustment and continu- 
ous operation, with the aggregate of these losses a minimum 
Chain grates are ideall 


bustior ( 


g y adapted for producing smokeless com- 
lue to the uniform feed, uniform fuel bed, and the arcl 
With modern furnaces and proper air control, smokelessness within 


the capacity of the lurnace can he assured even with the high- 
] 


volatile smoky coals of the Middle West 
CAPACITY 
Mor team turbines ealled for gt r capacities fr 


This demand was met in the chain-grate field by di velopment 


along three general lines: namely, higher drafts, larger grate su 
face ind forced draft 

Higher Drafts. Chimney heights for natural draft were i 
eased to 200. 250. and « in exce of 300 ft Nar plants 
nstalled induced-draft fans. Furnace drafts of 0.50 to 0.60 in 

re obtained, and combustion rates reached figures of 40 to 45 Ib 
per 0 urface ] oul 

Larger Grate This rate of combustion seems to be about 
the limit of natural-draft performance. Efforts to obtain higher 
ratir e led to larger stoke Stokers were built up to 1S ft 
long, with ratios of grate to heating surface increased to 1 to 30 
With such grates and high draft, boiler ratings up to 200 per cent 
were px ble 


Titi 
Forced Dy ift The need of still higher ratings, particularly 


i 
| 


with low ur ic coal, | rought the pplication of fore d draft to the 


chain grate. Early installations applied forced draft at uniform 
pressure under the entire grate Iria This increased capacity 


d draft under a fuel bed with 


the slightest tendency toward thin spots caused excess-air losses, 


but did not cor trol excess alr Fores 


chilled the furnace, and reduced capacity. 

lhe logical development for air control was to divide the stoker 
into compartments and control the air supply to each compartment. 

The forced-blast chain-grate stoker has been in commercial 
use lor some twenty-five years, and in successful use for approx- 
imately ten or twelve years in the anthracite-coal regions, but it was 
not until five or six years ago that any really successful installations 
were made for burning bituminous coal. 

This stoker consists of a continuous or endless chain of links 
or grate bars traveling over front and rear sprockets. Side girders 
are used in some cases, but in others are entirely omitted and trans- 
verse members forming compartment sides and wall supports 
substituted therefor. Above the front sprockets is a sizeable coal 
hopper, and at the back of this hopper a stoker gate which can be 
raised or lowered to vary the thickness of the fuel bed on the 
grate. 

The stoker is usually set in an extension or Dutch-oven furnace 
the arch of which radiates its heat on the incoming fue! under the 
stoker gate and causes i to ignite, the fire gradually burning down 
through the fue! bed until it reaches the grate. The thickness of 
the fuel bed is governed by the character of the coal burned, the 
length of the stoker grate, and the capacity at which the stoker 
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is to be operated. With the same grate, and with different grades 
of coal or different capacities the fuel bed may varv between 5 in 


and 9 in. in thickne 


SIZE OF Forcep-DRAFT STOKERS 


The length of the stoker, which should be taken as the distar 
between the inner face of the stoker gate and t ealing } ‘ 


of the rear blast compartment, is varied somewhat to conform with 
the type of boiler unde r wl ich the stoker is inst allec and with 


the rate of combustion which 18 des red Very few | reed draft 


chain grates are less than 12 ft. in length. but ontv in exceptional 
cases do they exceed 20 ft 

The width of the stoker is usually made sligl thy less than the 
boiler-furnace width, so as to afford column protectior eingie 


stokers practically the full width of the furnace have been built 


even for the wide central-power-station boilers now so popu 
There are forced-blast chain-grate stokers in operation today that 
are 24 ft. in widtl nd widths of 27 ft. to 30 ft. are under consid 
eration 

Various types of | ire used wit he foreed-blast il! 
stoker Regardless ot the tvpe, however. the des on of the 
such that relatively fine jets of air are admitted through the grate 
and a uniform air distribution is applied to the fuel bed fro ny 
given blast compartm 

The forced blast is usuall mitted into five or six compart- 
ments formed between the rut the chains These cor rt 
ments are sealed fy ne al 1 dampers or slides are ar 
ranged om T if ? ’ ty if ma ry reg ; 
nol Ty nder oO t ' ~y ‘ desi 

ructed t my erated on fore natu 
dra | ntire the g t 
( t t r | eC } ] 
I Op i yr | 

\s e coal burt { i ed deere 

the rear end r pr ire ried 
aifllerent compart equire nda ere 

pr istion at anv g t exces It is 
r) ] ey, t} . 
i MA 
( ra the sts at 
| i ront wor ; 

| ) I tment rarel Kees 2 1n 
\ I rate 55 to 60 lt ) 
per sq. ft gr ire desig ae 
col 1 te ‘ il | this Tl 
ghest pressure is usu rried e second and tl part- 
ments Ire ( sto it is at thes it the 
0 0 l la 

The blast to « col is regulated bv heat « 
r’ yunt of blast used u u 1 t speed vhir 

e stoker chain t . t actors it usually determi 
the capacity at which the toker may be operated with a given 
t cness of fuel bed. 

COMBUSTION ARCHES 

Stokers installed for the burning of the Central States high- 
volatile coals have ignition or combustion arches set about four 
feet above the grate at the front end, and somewhat higher at the 


inner end. These arches cover approximately 50 per cent of the 


length of the stoker, are of the suspended type, and are made from 
high-grade relractory naterial. 

Stoker installations for the burning of the low-volatile high-carbon 
bituminous coals of the Eastern States use a shorter arch, covering 
about 30 per cent of the stoker length but set at practically the 
same height above the grate as for the high-volatile coals. Arches 
set at this distance above the grate require a short ignition arch, 
12 to 18 in. In length, at the stoker gate, and set 18 to 24 in. above 
the grate. The increased rate of combustion obtained with forced- 
blast chain crates necessitates a better grade of refractory for the 
entire furnace lining. 

Various schemes are being considered today for cooling the fur- 
nace side walls of all the different types of stokers operating at 
high rates of combustion, with the purpose of reducing furnace 
























































































































































































16 
maintenance costs. Of these various schemes those employing 
water-cooled members will undoubtedly prove the most successful, 
because of positive functioning. 

Prevention of the formation of clinkers at the fire line on the side 
walls is a problem separate and distinct from reducing side-wall 
maintenance. Some manufacturers are using specially designed 
firebrick blocks at the fire line, through which blast from the blast 
duct enters the furnace. The air passing through these blocks 
keeps them cool and prevents clinker from adhering to them. 
Other manufacturers are using side-wall water boxes at this point, 
some of which ‘are connected into the boiler circulation, while 
others are independently connected. 

The bridge-wall water back is a part of the standard stoker 
equipment with several of the forced-blast chain-grate stokers. 
This water back is carried transversely across the rear end of the 

TABLE 1 FUELS USED 


AND RESULTS OBTAINED 
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can be operating at 150 per cent of rating in 5 min. from the time 
it goes on the line, or it can be operating at 200 per cent of rating 
in 7 min. 

With the ordinary short-banked fire, which consists of a bed 
of coal three to four feet in from the stoker gate, the remainder 
of the grate being bare, the boiler can be brought up to 200 per 
cent rating within 25 min., while with the long bank, in which 
50 per cent of the grate is covered with fire, the boiler can be brought 
up to 200 per cent rating within 6 to 8 min. 

Automatic control has been successfully applied to both natural- 
and foreed-draft chain grates. With natural-draft chain grates 
the usual control is by means of a steam-pressure or steam-flow 
regulator controlling the boiler damper and the speed of the stoker 
engine or motor. With forced-draft chain grates several control 
systems are in successful service. The electrical control is appli- 








IN ELEVEN BOILER PLANTS EQUIPPED WITH CHAIN GRATES 
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Central station ! Middle West Illinois 14.5 16 H 10000 225 275 8 Yes 736 : t 
Central station |Middle West Illinois 14.5 16 4 10000 30 nw 60.1 7 the 
Central station Southwest Kansas 4.66 11.7 33.05 50.62 1.2 10561 No 60.4 24 t 
Central station West lowa 16.51 18 72 SSU1 180 32 No 73 12 nt 
Central station Middle West Indiana 95 17.7 33.3 49 4.2 LOOOO 170 230 30 No 70 21 3 
Steel plant Middle West Indiana 18 12.2 85.2 52.6 2.20 10150 140 No 71 12 
Steel plant Pittsburgh Pennsylvania 2.09 10.5 33.7 55.8 1.60 13250 107 No 60.4 12 t 
district 
Central station West Colorado 23 12.5 32.5 32 0.20 8865 Yes 72 | t 
Central station West Kansas 6 19 27 48 10700 130 200 19 a 6a lr t 
Central station Middle West Ohio& Pen 11766 145 y 4 6 Ve 73.8 ) 4 
Central station * Middle West Illinois 14.5 I¢ t 10000 271 Yes 7s l t 
Part of the stokers in this plant are foreced-draft units 
? All of the stokers in this plant are forced-draft units 
stoker 3 to 7 in. above the grate, and acts not only as an air seal cable on motor-driven installations The steam-flow regulator 


at this point but protects the bare links of the stoker from the 
reflected heat of the bridge-wall brickwork. 


RESULTS SECURED 


The forced-blast chain-gate stoker is particularly adapted to 
the use of free-burning coals that require agitation of the fuel 
bed to break the crusting or aking action so often encountered 
with the slower-burning coking coals. 

With free-burning coals, which usually run high in sulphur and 
have an ash with a low fusing point, results are being obtained, with 
uninterrupted operation, that equal the results obtained with other 
types of stokers using the low-volatile high-carbon coals. 

When burning No. 3 buckwheat or coke breeze, fires 3 to 6 in. in 
thickness are carried on the grate and sufficient blast is carried in 
the first and second blast compartments to cause a gentle boiling 
or dancing of the fuel bed. Care must be taken, however, to 
regulate the thickness of fire and the blast so that excess carbon 
monoxide is not produced and continued combustion carried through 
the boiler to the chimney. 

The foreed-blast chain grate may be operated at continuous 
high overload capacities for days at a time with only slight varia- 
tions in the steam output of the boiler. This operation is made 
possible by the uniform thickness of the fuel bed, the uniform blast 
pressures carried, and the uninterrupted disposal of ash and refuse 
from the grate. Such stokers may be operated efficiently under 
natural draft when burning as little as 10 lb. and as high as 35 |b. 
of coal per sq. ft. of grate per hour. Forced-draft combustion 
ratings reach 55 to 60 lb. of coal per sq. ft. of grate per hour. 

The forced-blast chain grate is simple to operate and flexible 
in handling varying load conditions. If properly handled it can 
be brought from banked fires to full load in time to meet any 
ordinary power-plant requirements. A cold boiler can be put on 
the line in 45 min. from the time of lighting the fires. The boiler 


controlling the air supply to the stoker and the speed of the grate 
is giving successful results. 

The steam-pressure regulator controlling the air supply to the 
In 
case constant furnace draft is desired, the balanced cont rol can also 
be applied, as is frequently done with the two 'atter-mentioned 
systems. 


stoker and speed of the grate is also giving excellent service. 


NATURAL Drart vs. Forcep DraFrt 


Whether natural- or foreced-draft chain grates should be installed 
depends upon the conditions in the individual plant. The sta- 
tion load, banking periods, boiler absorption with or without 
economizers, as well as the limits of the draft available, are all 
involved. 

Natural-draft chain-grate stokers, 
available, produce cheap steam. 


within the limits of the draft 

Low auxiliary power require- 
ments, low maintenance, and controlled loss in the combustion 
process, make low cost of steam inherent. 

Natural-draft stokers should be installed: 

a Whenever the capacities demanded to meet the station 
load are within range of the natural draft available 

b Whenever the load demand is steady or where peaks can 
be anticipated sufficiently far ahead to permit building 
up furnace conditions to meet them 

c Within the limits of the above two conditions, 
induced draft and economizers are used. 

In Table 1 the author submits some long-period operating 
figures from chain-grate power stations. While the compiling of 
such figures by power stations is subject to variations in the meth- 
ods employed for that purpose, the figures in question neverthe- 
less must be accepted as part of the operating records of large 
and reliable companies having engineering departments competent 
to compile such records. 


whenever 














Overteed Stokers of the Inclined Type 


By GEO. I. BOUTON 


In 


struction, and method of operation of the front- and side-feed types of 


this paper the author discusses the development, present con- 


Several side-feed stokers are described, with an 
illustration of a Dutch-oven type of setting. It is stated that 200 per cent 
of boiler rating can be obtained with 0.3 in. to 0.5 in. draft loss through 
the fuel bed, and that when forced draft is applied, it should be done with 


inclined overfeed stokers. 


proper regard to air circulation and the maintenance of suction above the 
fire. Front-feed stokers are also described, with an explanation of com 
bustion control by varying the stroke of the coal pusher and the angle of 
rotation of the bars. The effect of the flux content of ash in determining the 


fusion temperature is also discussed. 


Qi JKERS of this type are of two general classes, the side-feed 
- double-inelined or \ -type, and the front-feed or single-inclined 
stoker. The early development of these stokers was along natural- 
draft lines, that was the draft it 
was possible to readily burn all the coal required to meet load con- 
ditions. As the steam plants have increased in size, the boilers 
and stokers have also increased in size until this type has apparently 


because available and because 
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reciprocating bar across the front of the stoker, with arms and 
links to operate the stoker shafts which moved the stoker boxes 
back and forth, and the rocker bars which raised and lowered th 
movable grate and with a ratchet which rotated the clinker grinder 
In all essential features this stoker is the stoker of this ela if the 
present time represented by the Murphy, Detroit, and Model 
toKel though there are many minor changes in the stokers as 
built today 

About ISS5 the front-feed inclined stoker was developed, th 
Roney and Brightman stokers being brought out at tl 
The Brightmar toker was apparently not a financial success and 
it gradually disappeared; a modified form of it, however, still 1 
mains In the Wetzel stoke 

Originally the grates in the side-feed stokers were set at an angle 
of 35 deg. with the horizontal As the size of the stokers was in 


15 de ha 


le or 


and later to 
are 
non-coking 


increased to 40 deg., 
andard Crates at this angle 
With 


and when coals of this sort are to be 


angle was 


cre ised this 


which is the present st suital 


bituminous and semi-bituminous coals. coals 


a much flatter grate is desirable 
burned it is advisable that the stokers be designed particularly 




















Fic. 1 Typrcan Dutrcn-Oven SETTING FOR Sipe-Feep DovuBLE- 


INCLINED OVERFEED STOKER UNDER A 500-HpP. STIRLING BoILeR 


reached a limit in a stoker having a projected grate area of 100 to 
110 sq. ft. in a single unit, capable of burning sufficient coal, under 
forced draft, to develop about 2000 b.hp. as a maximum. 

The double-inclined side-feed stoker was the first to make its 
appearance in this country, Thomas Murphy fathering this par- 
ticular line of development, commencing about 1875. His first 
attempt, which was hand-operated, was placed in the firebox of 
a marine boiler and had inclined grates, every second grate being 
movable. It was provided with a revolving toothed cylinder or 
clinker grinder extending from front to rear along the bottom of 
the V, for the removal of clinker and ash. 

In 1879 Murphy moved this device forward into a Dutch oven 
for use in connection with a return-tubular boiler, and added 
magazines and stoker boxes for feeding coal to the upper end of 
the grates. He placed a firebrick arch above the entire grate 
surface, with a second arch enclosing an air space above the 
arch and with provision for circulating air for combustion over the 
firebrick arch and through openings in the arch plates immediately 
above the fire, at the point where the volatile gases are distilled 


1 Chief engineer, Murphy Iron Works. Mem. Am.Soc.M.E. 
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» Typical 





for the coal in question The grates in the toney stoker are at an 
angle of 35 deg. with the horizontal, and this stoker will burn an- 
thracite and bituminous coal and lignite The grates in the Wetzel 
stoker are also set at the same angl 
Where wood refuse or spent tanbark is used, this is usualls 
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Freep Dovsie-INcLINepD Over 
STIRLING BoILER 


DurcH-OVEN SETTING FOR SID} 


FEED STOKER UNDER A 500-Hp 


burned in connection with bituminous coal, enough coal being 
burned to keep the grate surtace covered. Wood refuse is spouted 
to the stoker through an opening in the stoker front, or dropped 
through openings in the arch directly on to the fuel bed. Tanbark 
is usually mixed with the coal and fed to the stoker in the regular 
way, that is, through the magazine or hopper. Spent tanbark will 
run about 60 per cent moisture, and when a half-and-half mixture 
is used about 85 per cent of the heat supplied to the boiler will be 
from the coal, the remainder from the tanbark. 
Sipe-Feep DouB.e-INCLINED STOKERS 

The side-feed double-inclined stoker may have either a flush- 
front or Dutch-oven setting. The flush-front setting is limited 
to the smaller return-tubular boilers and horizontally-baffled water- 
tube boilers. On the larger return-tubular boilers, vertically 
baffled horizontal water-tube boilers, and boilers of other types 
it is advisable to place the stoker in a Dutch-oven setting. A Dutch- 
oven setting materially simplifies the matter of supplying coal to 
the stoker, and where desirable an eight or ten-hour supply of coals 
can be stored on top of the stoker. A typical Dutch-oven setting 
is shown in Figs. 1 and 2. 
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. These stokers are made in various sizes, both as to width and 
depth, varying from a stoker with a grate surface 4 ft. wide and 
3 ft. deep to one having a grate 12 ft. wide and 9 ft. deep. In the 
larger stokers 1 sq. ft. of projected grate is provided for each 6 '/, 
rated horsepower of the boiler, and in the smaller stokers 1 sq. ft. for 
«bout each 5 rated horsepower. Where the stokers are set with a 
Dutch oven they extend in front of the boiler about the depth of 
ihe grate surface of the stoker, this being varied to suit local con- 
The overall width of the stoker 
is roughly the width of the boiler setting. 
will vary with t 
sufficiently hig 


ditions and the details of the boiler. 

The head room required 
The boiler should be set 
so that the front header or the sill of the tube-door 


l 


he width of the stoker. 


opening clears the top of the arch about 3 in. This would mean a 
height of about 6 ft. on a 100-hp. boiler, 7 ft. 9 in. to 8 ft. 3 in. on 
a 300-hp. boiler, and 11 ft. 3 in. on a 600-hp. boiler. Where ver- 
tical water-tube boilers are used, such as Wickes, Rust, or Erie 


City vertical, it is advisable to place a combustion space between the 
stoker and the tube surface of the boiler. 
somewhat 


This can be 
greater cross-section than that of the stoker. 
ance from the rear end of 


rear of the 
made of 
The dist 


face should be 6 or 7 ft. 


he grate surface to the tube sur- 


Stokers of this class are usually driven by a small steam engine 
Where 
for any reason it is desirable to do so, a motor, either a.c. or d.c., can 
be used in place of the engine. An engine is preferable to a motor, 
however, as the exhaust steam which it supplies is useful under the 
clinker grinder. 

As far as the author knows, the most convenient and effective 
means of chilling clinker so that it can be readily handled is by 
means of low-pressure steam discharged under both the clinker 
grinder and the lower ends of the grates. 

It is desirable that the fuel be fed as uniformly as possible to the 
stoker. The fuel bed is about 8 to 10 in. thick at the upper end of 
the grates, thinning down gradually toward the clinker grinder. 
Minor fluctuations in load should be taken care of by minor varia- 
tions in the draft over the fire. Where the load changes into a 
decidedly higher or lower range, the coal feed should be increased 
or diminished to meet this range, the draft over the fire being regu- 
lated to take care of the immediate needs of the boiler. 

The draft loss through the fuel bed will vary with the amount and 
kind of coal being burned, the high-volatile coals requiring less draft 
than the lower-volatile coals. The amount of draft required is also 
affected by the amount am! kind of ash which the coal carries. 
Where proper draft is provided, stokers of this class will take care 
of various loads readily up to 200 or 225 per cent of boiler rating, 
although the draft available usually limits the capacity to 200 per 
cent of boiler rating or less. Where there is a shortage of draft 
it is possible to compensate for this in part by increasing the amount 
of “rousting” or hand manipulation of the fuel bed. At two per 
cent of boiler rating the draft loss through the fuel bed will vary 
from 0.3 to 0.5 in. water gage, depending on the kind of coal and the 
amount of rousting. 

Where it is desired to obtain more capacity than can be obtained 
with the natural draft available, it is sometimes possible to do this 
by adding forced draft. Where forced draft is applied to a stoker 
of this class, it is advisable to see that all the necessary items for 
its proper installation are taken care of. The air should be admitted 
to the space beneath the grates, either at the front or the rear, in a 
line parallel with the clinker grinder; two inlets being used, placed 
symmetrically with reference to the center line of the stoker. In- 
stances have been found where a blower has been placed through 
each side sheet, discharging air directly against the grates, and 
troubles have quickly resulted from such practice. Under natural- 
draft conditions the amount of air reaching the furnace through the 
openings in the arch plates increases as the capacity increases, 
and provision should be made so that this same condition holds good 
under forced-draft conditions. 

The limit of capacity under forced-draft conditions will be that 
point where the draft over the fire is so reduced that fire is blown 
out of various openings. This will be when the draft over the 
fire is reduced below 0.10 in., probably to about 0.05 in. 

With forced draft properly installed and skilful firing it is pos- 
sible under favorable conditions to get in the neighborhood of 300 
per cent of boiler rating. The fires are rather thin for forced-draft 


operating the reciprocating bar through a chain of gearing. 
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work and it requires closer attention to the fuel bed to keep the grates 
covered than in the case of stokers using a much thicker fuel bed. 
Where these stokers are operated under natural-draft conditions 
the proper method of regulating the air supply is by adjusting the 
damper at the outlet of the boiler. This can be done by hand where 
necessary. There is no objection to using a damper regulator pro- 
vided it reproduces the action of a skilled fireman as closely as pos- 
sible and shifts the damper slightly with varying steam pressure 


FRONT-FEED INCLINED STOKERS 


Of the many forms of front-overfeed inclined stokers whieh 
have appeared, the Roney and Wetzel are still being built. The 
Roney is a natural-draft stoker only. It is made up of an inclined 
grate with transverse bars Kach bar is supplied with sectional 


grate-bar tops so arranged that they allow a distribu- 


tion of air 


uniform 
through the whole grate area. At the upper end of 
the furnace, flat fuel plates are provided on which the co 
and this prevents sifting of the green coal until the coking process 
is well under way; 
siftings. 


il can coke, 


by this time there is no further trouble with 
‘here is an agitation given to the grates by a rotary 
This motion feeds the refuse and 
fuel uniformly toward the lower end of the grates. At this point 
and immediately above the dump grates there is an agitator for 
the purpose of breaking up clinker that form in this 
it also serves the purpose of preventing the avalanching of the 
fuel bed down the grate while the dump grates are open and the 
fire is being cleaned. The dump grates are slotted, 
ing active fuel-burning surface in this zone. 

The angle of rotation of the transverse bars can be varied from 
nothing to a maximum. The stroke of the coal pusher can also 
be varied. The ability to control these motions without changing 
the speed of the engine provides a very wide range of flexibility. 
It is customary practice to operate Roney-stoker driving units 
at constant speed, and take up the fluctuation in the rate of feed- 
ing coal by means of the variable adjustments on the stroke of 
the coal pusher and grates. Motors or reciprocating engines are 
usually supplied for driving Roney stokers. The whole stoker- 
driving mechanism is extremely simple, as a multiplicity of stokers 
can be driven from one shaft for both the feed and grate motion. 

The thickness of the fuel bed on a Roney stoker is uniform 
for a given grade of coal and does not vary for different ratings 
The best practice is to control the rating on the boiler as desired 
by means of the boiler damper and not by thickening or thinning 
the fuel bed. 

The Roney stoker is applicable to any type of boiler. It is set 
with an arch to ignite the incoming fuel and burn the volatile gases 
This stoker is suitable for burning anthracite and bituminous 
coals and lignite. For burning anthracite and lignite a slight change 
is made in the grate-bar tops so that they will overlap in any posi- 
tion and thus prevent the fuel from sifting through. There are a 
number of installations where hog fuel has been burned very suc- 
cessfully in conjunction with coal. This is done by using an ex- 
tension furnace and cutting a hole through the arch so that the hog 
fuel can be dropped through the arch and on the fuel bed. 

The Wetzel stoker is somewhat similar to the Roney, the prin- 
cipal difference being in the form of grate used. Instead of being 
made up of bars extending across the furnace and rocking, the grate 
is made up of a series of bars extending from frort to rear. These 
bars are ribbed to prevent sifting: the upper end of the grate is 
supported on a short rocker arm so that is has a slight forward- 
and-back motion, and the lower end on an arm placed at a some- 
what different angle, so that the motion of the lower end of the grate 
is practically at right angles to the grate surface. 


motion of the transverse bars. 


nay zone: 


thus provid- 


ASH 


Most coal ash has a fireclay base with various kinds and amounts 
of foreign materials which act as fluxes, such as iron, lime, mag- 
nesia, and sodium and potassium oxides. An ash low in fluxes is 
desirable because it will be an ash of high fusing temperature and 
one which can be handled in a stoker more readily than an ash 
high in fluxes. It is also desirable when the maintenance of the 
stoker and boiler brickwork is considered, as small particles of ash 
impinge on the brickwork, and the iron, lime, etc., in the ash form an 
active flux for this firebrick at furnace temperatures. 























The Design and Operation of Underfeed Stokers 


Br H. F. LAWREN( 


This paper describes briefly the distinctive features of the single- and 
multiple-retort types of underfeed stokers, giving particulars regarding 
their operation and results that have been obtained. Emphasis is laid 
on the importance of proper adjustment of the secondary coal feed, to pre- 
vent clinker and ash depositing at the lower end of the retorts, and on draft 
control not too responsive to momentary variations in boiler conditions 
Underfeed stokers are said to be particularly adapted to biluminous and 
Clinkers 


semi-bituminous coals, and for carrying sudden overloading 


are a necessary result of the high temperatures secured, and different 
The 


relative merits of various fans are considered, and a table of setting heights 


means for preventing their adhesion to the side walls are discussed 
is given 

vv > | ] | ] 

[ NDERFEED stokers are so designed that coal is fed from 

beneath the burning fuel. This is accomplished by feed- 

ing through retorts h adjustments so that the fuel bed is re- 

e length of the The 
from the coal hopper is accomplished with rams of fixed displace- 


, , 
ment so that the 


wit 


ighout tl) retort main feed 


pl nished throug! 


fuel fed per stroke is a definite amount 


amount of 


! 
ior a given coal 
] 


and therefore the amount fed per hour is accurately 
‘ 


controlled by regulating the speed at which the rams are operate 


SINGLE-RETORT STOKERS 


The first development of this type was the single-retort under- 
feed stoker. This consists essentially of a horizontal retort, 
into which fuel is fed from the hopper and distributed throughout 
the length of the retort. Tuyeres are placed around the edge of 
the retort and through these air is supplied to the fuel under 
pressure from a fan. Dead plates or dump plates are placed on 
each side of the retort, from which the ash and refuse are removed. 
For wider furnaces, intermediate inclined movable grates or tuyeres 
are placed between the retorts and the dump plates. These 
serve the purpose of providing more grate surface and also of 
depositing the ash and refuse on the dump plate. 

Single-retort underfeed stokers do not require large ashpits 
and ash tunnels below the boiler-room floor. They are cleaned of 
ash and refuse by dumping into shallow ashpits which are de- 
pressed slightly below the floor line, and withdrawing the ash 
and refuse through doors in the boiler front at floor level, or by 
withdrawing the ash from the dead plates through doors in the 
boiler front 

These stokers are also particularly adaptable to installations 
in which more than two boilers are placed in a battery, since side 
doors are not necessary to their operation. Boiler plants may 

hen secure the advantages of the underfeed type ol stoker without 
the expense ol excavation and without being limited as regards 
arrangement of boilers. 


MuttipLe-RETORT STOKERS 


The multiple-retort stoker is a development of the single-retort 
a number of single retorts placed close together 
As the coal is 
yurned the ash is formed on top of the fuel bed and is floated to the 
rear and deposited on dump plates or into crusher pits from which 
t is readily :emoved. The continuous ash discharge consists of 
rotary toothed crushers placed at the rear of the stoker and set low 
o that a large, deep pit is formed for receiving the ash and burn- 
ing out the last of the combustible material. 

The secondary coal feed, that is, the feed from the retort to the 
uel bed, is obtained in various ways. The Taylor stoker uses 
idditional rams similar to the coal-feeding ram, which are placed 
n the bottom of the retort. The retort inclination is such that the 
rams are reciprocated horizontally. The Westinghouse and the new 
l'rederick stokers have a lesser inclination, and the secondary coal 
feeding is accomplished by large wedge-shaped castings placed at 
the bottom of the retort. These are reciprocated on an inclination 
corresponding to the slope of the bottom of the retort. 


ind consists of 
ind inelined with the ash discharge at the rear. 
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The Jones and Detroit stokers have larly shaped 3, 
and the secondary coal feed is obtained by small wedg ! 
pushers which are reciprocated horizontally in the 
tort. The Ril tokers accomplish the second 
reciprocating the retort sides and the tuyere ‘J n 
the angle at ch the tuyeres are placed 
case of the D 5 deg. in the Ta yr 

luyer I etween the retor t 
the stati loci ad direct ( " 
thie 1e] in | cit ! I turally ; 
etoker 

All ¢ Ta ed draft d cant De J 
appreciable ral draft. TI 
tion Is circulate e fu ce parts and é 
Dal elore bet v7 ed rough the tuel be 

()y I’~p Fy » STOK 2 

The operation « d stokers is ess 
rhe incandescent burning fuel is on top and is replet 
out the entire retort length from beneath. As the coal emerges from 
the retort it is coked and spreads over the tuveres, forming a 10 
geneous fuel bed across the entire furnace widtl As the fuel ap 


proaches the surtace the volatile matter 1s compl tely 
The 
The ai 


near the point where the fuel emerges 


surface consists of a laver of 


and the fuel completely coke 
is introduced 
from the retort As th 
volatile gases are liberated they are thoroughly mixed with air. As 
the mixture passes up through the fuel bed, higher-temperature 
zones are reached and complete combustion of the volatile gases 
takes place when they pass through the white-hot coke at the 


incandescent burning coke for combustion 


surface 


Smokeless combustion is obtained without the use of special 
special brickwork construction. As 


the fuel bed is replenished from beneath the surface, 


mixing of ignition arches or 
the burning 
incandescent coke which is on top is slowly moved toward the dump 
plates (As the ash is formed it is floated on the surface and is 
eventually deposited on the dump plates 

The control of the fuel bed is obtained by adjustments of the 
For 
essential that the fuel bed be so controlled that the replenishing 


secondary coal-feeding arrangement good operation it 1s 


coal emerges from the retort through its entire length; the lesser 
amount being fed from the rear end of the retort. 

With low-grade western coals more fuel must be discharged 
from the rear end of the retort with the high-grade eastern 


fuels. In general, the greater the quantity of ash in the coal, the 
longer should be the stroke of the secondary fuel-feeding mechanism 


If insufficient coal is fed from the lower or rear end of the retort. 


the asl , Inste ad of being carrie I on to the dump plates, Is deposited 

at the lower end of the retorts, and as high fuel-bed temperatures 

are always obtained the ash is clinkered, and when deposited at 
1! ] 


After a short interval, 
the retort, which is not coked, is de- 
clinker and then 

lump plates. With this condition of fuel bed it is impossibie 
With proper strokes of 
this condition can be elimin- 


this point it blocks the air discharge. 


formation avalanches on to 


to secure good results or good operation. 
the sec ondary coal-feeding mechanism 
ated, as with the proper amount of coal being fed from this section 
of the retort the ash and clinker can never be deposited at this 
This is really the important adjustment to be made for 
various grades of coal, and it probably receives less attention from 
plant operators than any other variable. When properly adjusted 
the fuel bed is automatically maintained clean, and high rates of 
combustion can be obtained. 

With the underfeed stoker properly adjusted, fresh fuel will be 
fed up throughout the full length of the retort. Green fuel moving 
upward with respect to the tuyeres tends to keep them buried, 
and consequently the ironwork is in the comparatively cool zone of 
the fuel bed. For this reason the maintenance is low on underfeed 
stokers. 

With the underfeed system of combustion the excess air re- 


point. 
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quired can be reduced to a minimum, which means that high fuel- 
bed are obtained. The fuel-bed temperature will 
probably always exceed the ash-fusion point of any of our coals. 


temperatures 
This means that clinker must be formed in order to secure the best 
combustion results. 

RESULTS SECURED 


These stokers are particularly adapted for burning bituminous 


and semi-bituminous coals. However, with only slight modifi- 
cations lignites and coke breeze are also burned with excellent 
results. 


With the thoroughly coked thick fuel beds carried, this appara- 


tus 1s very quick in responding to load demands. Under running 
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Fic. 3 FaN CHARACTERISTICS AT CONSTANT SPEEDS 
conditions the boiler capacity can easily be doubled almost in- 
stantaneously. From a banked-fire condition loads equivalent to 
200 per cent of boiler rating and over can be picked up in a few 
minutes. 

Many times the stoker manufacturer is handicapped by being 
forced to meet space limitations of the boilers. It is reeommended 
that stokers be selected first, of the proper size and type to obtain 
the desired results, after which the boiler should be selected to meet 
the furnace requirements of the stoker. 

REGULATION 

Automatic regulation is receiving a great deal of attention at 
the present time, and improved equipment has been developed 
which is giving good results. It is doubtful, however, whether regu- 
lating apparatus will ever be developed to the point where adjust- 
ments will not be required from time to time. These adjustments, 
it may be said, should only be made by an expert observer or fireman. 

An ideal equipment would control all the variable elements in 
the proper proportion, thereby obtaining a constant steam pressure. 
It would, in addition to controlling the fuel, air supply, and drafts, 
be required to control the feedwater in proportion to the load. 

Practically all regulating systems in use at the present time are 
controlled by variations in the steam pressure. The damper 
regulator is very sensitive to slight changes in steam pressure, and 
unless its action is retarded by some means, hunting will take place, 
‘ausing rapid and wide variations in the air pressure. Much better 
fuel economy is obtained by eliminating the rapid fluctuations in air 
pressure. This is accomplished by damping the regulator so that a 
greater steam-pressure variation is required to operate it through 
its complete stroke. 

The Jones fluid-operated rams are controlled by a Cole automatic 


Vou. 45, No. 1 
valve for each evlinder. 
usually driven from the fan or the fan engine. It is possible to 
obtain a number of different adjustments for the rate of turning 
this automatic 


This valve is operated from a power source, 


valve, so that the rate of feeding fuel can be varied 

in fact, all the retorts can be arranged to feed at 
one speed or at eight different speeds. Furthermore, each valve can 
be operated by a hand crank, so that the coal can be fed into the 
retort in very large quantities at any time it is required 


for each retort: 


FANS 


There are several fans used in stoker service, each 
of which has different characteristics. 

The full-backward-curved fan with long blades, Fig. 3 (e), 
which is also a high-speed fan, has the best characteristics for stoker 


service. 


types of 


It has a very steep static-pressure curve, together with a 
comparatively flat horsepower curve, and has the additional char- 
acteristic that after reaching the maximum horsepower any further 
increase in volume due to reduction of static pressure, will reduce 
the he-sepower required. The smallest-sized motors can be used 
safely on this type of fan, and it also has the highest efficiency. 

For a fan operating against a resistance the 


constant power 


varies as the cube of the speed, the static pressure as the square 
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of the speed, and the volume directly as the speed In underfeed- 
stoker practice, however, the resistance is not constant, so that 
the fans do not follow this law. 

Fig. 4 the dotted curves the volume and pressure 
characteristics in accordance with the constant-resistance law, 
while the full-line curves show the volume and pressure character- 
istics at the stoker connection. These curves have been plotted 
from data obtained in actual stoker tests 


shows in 


CLINKER PREVENTION 


The most serious operating difficulties are caused by clinker 
adhesion to the side walls of the furnace. There are several suc- 
cessful methods for preventing this, the most popular one proba- 
bly being that in which perforated firebrick blocks are located 
along the clinker line, through which the air is blown from the stoker 
air duct. Care must be used in locating these blocks so that no 
free air is discharged above the fuel bed. 

Another method of preventing side-wall clinker uses special 
high side tuyeres through which air for combustion is discharged, 
these tuyeres extending high enough along the side walls to pre- 
vent the clinker adhesion to the brickwork. 

Still another method which has been very successfully ap- 
plied in a number of plants, is one in which cast-iron side-wall 
air boxes are used. These faces of the boxes toward the fuel bed 
are made of small overlapping ribbed plates. These plates are 
solid so that no air is discharged through them. Air enters one 
end of the box from the stoker air chamber and is discharged 
under the tuyeres from the other end of the box; this air circula- 
tion being sufficient to prevent burning of the plates and the ad- 
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TABLE 2 SETTING HEIGHTS FOR 


EQUIPPED WITH 


VARIOUS TYPES OF 
STOKERS 
(Min 


absolute minimum; P.M preferred minimum, i.e., the minimum 


recommended ) 


Tyre oF 
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hesion of clinken These boxes should not be less than 10 in. wide 


Carborundum bricks are satisfactory for this purpose with som: 


coals. However, when the ash contains much iron, carborundun 
brick I ipidly eaten away 
TABLI DEFINITION Ol ETTING HEIGH1 FOR VARIOTI rye 
OF BOILERS 
I I Setting Height 
Water-t t Floor line to bottom of header above stok 
Water-t ‘ ned Horizontal mud drum floor line to « 
mud drum 
Vertical mud drum: floor line to top of 
drum 
Wat Horizontal mud drum: floor line to 
mud drum 
rtical mud drum: floor line to toy 
drum 
Hor Floor line to under side of shell 
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BOILERS 


heights 


SETTING HEIGHTS 


The Stoker Manufacturers’ Association, in conjunction 
with the American Boiler Manufacturers’ Association, hav 
adopted minimum setting heights for all types of boilers 

= which are given in Table 2. Setting heights for the dif- 
ferent types of boilers are defined in Table 3 
_ \ number of recent large boiler units have been set eon- 
siderably higher than as specified in Table 2. The boilers 
of the new Hell Gate power station are set 21 ft 


il., ZIVINEG A 


furnace volume of 16'/, cu. ft. per sq. ft. of grate surface 
or 390 cu. ft. of furnace volume per 1000 sq. ft. of boiler 
heating surface 

Frequently the combustion space required is stated as a 


function of the coal-burning capacity. This is misleading 


since it leaves out of consideration all conditions in 
posed by the arrangement of the boiler baffles and stoker 

—_ in relation to one another 

- = It is desirable to keep the velocity of the rising gases 

A = the furhace as low as possible but a large r horizontal 
furnace section, with consequent large volume, may 1 

2 ' necessarily do this 


S Ample | 
; secured in order that combustion of the 


completed before they 


eight of the boiler above the stoker should 
gases may 


enter the tubes 


6” High setting heights impose a more severe service upo! 
" the brickwork. Extreme care must be used in designing 
. the furnace walls, so th it the will stand not only the hig! 
furnace temperatures, but also the load. It is common 
s'| 10 practice at the present time expose all of the first few 
a ie ws of boiler tubes to the radiant heat from the fy 
bed. This gives lower fur 


ue temperature 


fe to the brickwork 
No arch construction or special brickwork is required in tl 
ipplication of underfeed stokers fact it is preferable not 
to have arches. On account of the differences in the coefficient 
of expansion of different kinds « rick, however, only one kind 


should be 


Proper provision 


used in the furnace 


must be made ior t iking care of the expansion 
as the setting he ats up 
thin 


hire< i\ 


rhe brick should be carefully sized so that 
uined | ict 


' 
and tapped into place wit 


joints can be obt < should be dipped in a thin 
wash a wooden mallet un 
touches the bricks next to it 


Walls should never be so construc 
furnace Walls whicl 
will give much | el 


it thev overl 


toward the outwardly from the 
nace 


Discussion on Stokers at Fuels Session 


Baile 
Marsh’ 


capacities from boilers” 


5! EX. D submitted a written discussion in which he said 
. that Mr s statement that “modern steam turbines called 


Tur- 


v4 lop- 


lor greatet! 


was not the whole story 
bine development had been in a way parallel with boiler de 


ment, and along with the dev 


velopment of these two major pieces 


t had been the coincident development of all plant 
equipment So tal 


igher 


of equipmen 
as the boilers themselves were concerned, the 
capacities had been occasioned by increased 
increased equipment 
pressures and partly to economic conditions 

That the boiler proper had shown itself capable ol taking care 

these higher rates of heat absorption without materially de- 
reasing its efficiency was evidenced by the very marked develop- 
nent of stokers and other coal-burning equipment during the past 
ew years. The chain grate, which was probably one of the oldest 
orms of mechanical stoker known, had had to fulfill its part in 
this development in order to justify its existence, and the develop- 
ent of the forced-draft chain grate was the result. 

Just as the natural-draft chain-grate stoker had made possible 
he use of coals which were unsuited to existing types of stokers 
which were consequently cheap, so the foreced-draft chain grate 


demand for | 


ie] costs and costs, partly due to hiche 


1 Chief engineer, Stations 1 and 2, Commonwealth Edison Co., Chicag: 
il. Mem. Am Soc.M.E. 


iad made available not only low-grad but also coke breeze 
ind smaller sizes of inthracite, which } id not heen prey 
considered suitable for power production. This economic savi! 
Love 


istified the improvement in chain grates 

John M. Drabelle? wrote that in the Central West. particula 
in Iowa, there was a rather peculiar type of fuel available, nam 
one low in heat value (8500 to 9000 B.t.u 


per lb as = 
ash content (20 to 35 per cent), the ash bei 
To burn this it 


screen 
and hav ing a high 


easily fusible. 


Was necessary to have an undis- 
turbed fuel bed, a large furnace volume, and a high ignition rats 
The chain-grate stoker, judging from several years of actual operat- 
ing experience, was tlie only stoker successful in handling this 
type of fuel 

In judging stoker performance it was necessary to bear in mind 
that it was the total cost per 1000 lb. of water evaporated and not 
percentage efficiency that must be dealt with. The maintenance: 
problem was a serious and important one, also the amount of 
operating labor required and the item of investment, the latter 
turn determining fixed charges. 

The ideal chain-grate stoker, Mr. Drabelle believed, would be a 
combined natural-draft and foreed-draft stoker operating under 


ith 
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the normal operating conditions of the station on natural draft 
and over the peak load with forced draft, thereby reducing the 
amount of auxiliary power required to the absolute minimum, 
and resulting in a lower cost per 1000 lb. of water evaporated. 

J. R. Fortune* submitted a written discussion in which he said 
that there ought to be some way of designating stokers other than 
by the terms ‘“‘underfeed” and “overfeed.”” There was but one 
type of stoker that, in his opinion, could truly be described as over- 
fed, and that was the sprinkling stoker, which was not very well 
known in this country but which was quite commonly used abroad. 
This was the only stoker in which the fuel was fed on top of the 
burning fire. The fuel in the stokers of the Murphy, Roney, and 
chain-grate types was always, in effect, underfed. In other words, 
there was a layer of fuel unignited close to the grate bars near the 
stoker hopper, and this was overlaid with fuel which was burning 
almost all the way to the feed opening of the stoker. The unignited 
fuel close to the grate bar might extend halfway down the grate. 

A. H. Blackburn‘ wrote that in drawing attention to the many 
types of underfeed stokers Mr. Lawrence had omitted to mention 
the lateral-retort stoker brought out by The Under-Feed Stoker 
Company of America during the present year. The novel feature 
of this stoker was that it fed the coal in through a main retort ex- 
tending from the front wall of the furnace to the bridge wall, with 
lateral retorts branching off the main or central retort at right angles. 
The front and back walls of the furnace were protected by high air- 
cooled tuyeres, the stokers having been designed for working con- 
tinuously around 200 per cent boiler rating. The design of the 
stoker enabled it to be installed without a basement and under low- 
set boilers that might be already installed. 

Walter N. Polakov® in a written discussion said that, quite apart 
from the excellence of design and construction of its mechanism, 
and altogether independently of its adaptability to fuel used, the 
success or failure of a stoker depended largely upon the mode of 
lts use. 


Tue Stoker Not an Avromatic DeEvICcE 


Sometimes it was claimed that a mechanical stoker was an auto- 
matic device and that by virtue of its so-called automatic action 
the plant owner could “forget his power plant.”” A stoker, however, 
was automatic only in so far as it replaced a certain amount of 
physical exertion by the substitution of mechanical power. For 
this reason alone the stoker attendant was no longer interested in 
how he could spare himself the pain of shoveling unnecessary coal 
into a furnace, and unless he had other stimuli he would let the 
stoker feed as much coal as it could and make as little steam as it 
might. Again, when supplementing a mechanical steker automatic 
regulating devices were introduced, they as a rule controlled only 
one or few detached factors, but never the operation as a whole. 
Worse yet, in many cases these automatic controllers operated 
either a little behind time or made adjustments of conditions by 
steps, the consequence being that losses were increased coming 
and going. Even with oil firing he had on record cases where auto- 
matic regulators of merit had to be discontinued and manual control 
introduced in order to improve the evaporating efficiency. 

The was neither theory nor generalization, but a 
summary of facts which had come under his observation during the 
last twenty years. 

Wm. R. Roney,’ who in recognition of his pioneer work in stoker 
design and construction had been asked by Chairman Breckenridge 
to share the platform and open the oral discussion, spoke briefly 
regarding troubles encountered in stoker operation, and said it was 
his experience that the human element was the most important 
factor in the satisfactory handling of such equipment. 

David Moffat Myers,’ agreed with Mr. Roney as to the im- 
portance of the human element. He further called attention to the 
fact that nothing had been said in the papers regarding marine 
applications of stokers. Here was a wonderful field for effecting 

8 District manager, Heine Boiler Co., Detroit, Mich. 
M.E. 

4 Chief engineer, Under-Feed Stoker Co. of America, Worcester, Mass. 
Mem. Am.Soc.M E. 

§ Consulting engineer, New York, N. Y. Mem. Am.Soc.M.E. 

6 New York, N. Y. Mem. Am.Soc.M.E. 

7 Consulting engineer, Griggs & Myers, 
Am.Soc.M.E. 
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economy; less coal would be used, thus leaving more space for earry- 
ing revenue-producing cargo. He was desirous of learning the 
attitude of stoker manufacturers toward automatic regulation. 
He thought that in specifying heights of boiler settings the figures 
should be related to the capacity rating expected from the boilers. 
Later in the discussion Mr. Myers said that during the war, 
in the course of an investigation of the possibilities of stokers and 
a stoker that had been used 
extensively and successfully on locomotives. Locomotive practice 
was similar in some respects to marine practice, both having to 


Seotch boilers. he had come across 


deal with very cramped fireboxes and very small combustion space. 

The stoker in question involved also the use of a screw conveyor 

which brought the coal from the tender to a point at the footboard , 
of the locomotive. From that point screws inclined at about 60 

deg. carried the coal up to two points on either side of the fireboard 

and above it, from which points it was distributed over the fire by 

In case of a breakdown on board ship, it would not 

be necessary to diseard such a stoker, because it could be fired by 

hand without any difficulty. 


steam jets. 


Furnace VoLUME ESSENTIAL FOR Goop DEsIGN 


J. E. Woodwell’ said that one of the principal essentials of stoker 
design was furnace volume, for in running on high ratings at peak 
load it cost money to replace furnace linings, brickwork, etec., and 
to have boilers out of commission while such repairs were being 
made. Accordingly, in his last central-station design, he had in- 
stalled stoker capacity 15 per cent in excess of anything that had 
been done in the Hell Gate and other new stations, simply as a 
reserve against furnace repairs and so that the boilers would be in 
service 100 per cent of the time. 

As to automatic control, he did not with Mr. Polakoy 
Manual control could never equal automatic control under proper 
supervision. 

Theodore Maynz? called att 


chain-grate stokers it was necessary 


agree 


ntion to the fact that in operating 


to watch the carbon in the asl 


With some coals, running with 35 to 40 per cent air would give good 
earbon, but with others the air would have to be raised to 60 or 70 
per cent before the total loss Was a Minimum 

One of the most important things in operating foreced-draft and 


natural-draft chain-grate stokers was to have 


was difficult, for even when it was mixed in advance, by the time it 


vot to the coal hopp ‘rs it Was segregated, the coars throug! 
the center and down tne sides while the fine coal peat ked moout 
a foot from the wall to about within a foot of the center. His 
company had had some success in obviating this by employing 


tilting and split gates in order to maintain a more even fuel bed. 
The rear end of the 
coal against the water back or by means of ashes between the lower 
portion of the grate and the ash pit. With a forced-draft chain-grate 
stoker, the dirt coming out from the front made a boiler room almost 
uninhabitable, especially when there was, say, only about 0.05 in. 
draft in the furnace. He believed with Mr. Polakov that instru- 
ments were absolutely necessary, no matter how small the plat t, 
and that the men appreciated them. 

Edwin Lundgren,’ replying to the questions propounded by Mr. 
Myers, said that one reason why stokers had not been applied 
extensively in marine practice was that while fuel obtained in one 
port might burn satisfactorily, the next fuel bunkered might give a 
great deal of trouble. 

Another difficulty was the limited space between the tubes of 
the boiler and the bottom of the ship, which made it necessary to 
install a horizontal type of stoker. The company with which he was 
connected had applied that type of stoker to several ships in 
Europe and had reported in most cases very successful operation. 

As to automatic regulation, speaking as a stoker manufacturer 
he would say that there were so many varying factors that must 
be compensated for that it could not be other than unsatisfactory. 
It had been his personal experience that the best control was that 
which an intelligent fireman would give when provided with proper 


§ Consulting engineer, New York, N. Y. 


stoker should be sealed cither by banking 
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instruments for his guidance and means whereby he could easily 
adjust the factors that varied. 

Albert A. Cary!" called attention to a previous statment he had 
made to the effect that when a fuel carrying combustible gaseous 
matter was charged upon a hot fire bed, the first thing that happened 
was the distilling of the gaseous matter, this gas going up into the 
chamber and being burned there 


combustion It was only the 


coke or fixed carbon that remained behind that was really consumed 


on the grate. Therefore, if it was desired to specify the capacity 
of a stoker by the rate of combustion, the latter should be expressed 
in pounds of fixed carbon burned per square foot of grate area per 
Rousting and hand manipulation of 
the underfeed stoker was something that needed to be done away 
with in order to get the best results. 

Alfred B. C said that he 


ward regulation by intelligent operators as against automatic 


hour, not in pounds of fuel. 


strongly inclined to- 


irhart! was very 


control beyond the reach of the Automatic control 
but only through the intelligent operator could 


‘re be obtained adjustment to 


operator 
gave an 
the varying conditions which would be 
in control of the actual results of the moment, instead of historical 


average, 


records afterward to show what mistakes had been made. 

a called attention to the fact that the coal now 
supplied to the East had entirely different characteristics from the 
fuels for which stations in that section had been designed. There 
was no reason to believe that the industrial war in the coal fields 


Spe neer! 


was ended, and that being the case, the pressing need was for a 
stoker that would handle effectively a variety of coals. 

H. C. Heaton,'* discussing the stratification of coal in bunkers, 
said that unless bunkers were properly designed the coal would 
tend to pile up and stick together on the sides of the bunkers, with 
the result that it would avalanche and supply successively different 
He had seen coals that would stand almost 
vertically on the sides of the bunker, which of course, was im- 
He believed that the best way to handle 
coal out of the bunker to the grate was with a spout that would 
swing and spread the fuel uniformly over the grate. 


sizes to the grate 


possible to overcome. 


SMOKE ABATEMENT 


O. P. Hood," at the instance of Chairman Breckenridge, spoke 
briefly of the chaotic situation regarding smoke abatement in the 
various sections of the country. Most of the smoke ordinances, 
he said, were largely concerned with matters of administration. 
There was need for a simple statement of the technical requirements 

what kind of smoke could be allowed, and for how long, ete 
and a statement was now being drafted by a committee 
fathered by the Fuels Division of the Society and having in its 
membership representatives of the Heating and Ventilating Engi- 
neers, the Stoker Manufacturers’ Association, railroads and other 
interested bodies. The matter of administration, it was proposed, 
hould be left to each community for settlement. Mr. Hood, 

should be stated, is chairman of the committee in question. 

Henry M. Burke'® said that as the operator of a 5000-hp. indus- 
trial plant he had found that the automatic control of the entire 
lant was impossible from the standpoint of efficiency, as was also 


such 


mtrol by manual means where a bonus scheme of payment ob- 
‘ined, because in that case the firemen were anxious to do more 
ork and took care of too many operations to operate the plant 
ost efficiently. He had therefore worked out standards according 
» the loads carried by the plant and had sectionalized the control, 
king up the peak loads with manual control and carrying along 
regular load by the automatic control. The plan had worked 
tisfactorily, not only on the stoker boilers but also on the boilers 
ed with fuel oil 
J. B. Crane" said that in his opinion the best plan was to set as 
iny boilers in a plant as possible to carry a steady load and employ 
Consulting engineer, New York, N. Y. Mem. Am.Soc.M.E 
Precision Instrument Co., Inc., New York, N. Y. Mem. Am.Soc.M.E 
Mechanical McClellan & Junkersfeld, New York, N. \ 


engineer, 
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automatic regulation to keep steam pressures up to the remainder 
As to furnace volume, his company had started in 1916 to put in 
boilers with 4'/, cu. ft. per rated hp., and the result 
ranted that action It was known now that instead of the 
point of the bri k being the factor, it was the point at which it began 


} 1d fully Wir- 


if combustion chambers 


to compress. Consequently, were ( gned 
so that the load on the hot zone would not be more than 25 It 

sq. in., were inclined away from the grate upward, and were pro- 
vided with some means for overcoming the slight tendency of the 


brickwork to fall into the 
believed that no furt} 
tion chambers, no matte 


center of the combustion chamber, he 


I trouble would he ¢ xperi nceed With cor ] 


the loads that were carried 


how heavy 
on the boilers 

Jos. J. Nelis,'* speaking of the 
that the sea had not attracted the technical man as yet, and u 
it did, he did not think there would be a very general adoptio 
improved machinery 

Another matter t nsider 
cently made by the Bur 
shown that with practi 


problems of marine mer d 


available Ti 
iu of Mines and the Shipping Board had 
one-quarter of the volume used ashore 


was the space 


the Scotch boiler rave « r SU per cent efficiency, so that this boiler 
had been adapted for marine service 
be the best boiler; but it wv 
best boiler, but because pressures were coming up. 


been tried on the 


because it had been found to 
not because it was not the 
Stokers had 
pr neipally the underfeed types. 


Dassing, 


Scot 


hoile Tl 


They would not get rid of the clinkers, however, so that they had 
been finally abandoned 

The marine man had one thing in his favor that the shore man 
did not have, namely, an absolutely sté idy load factor. It was 


therefore possible to design ior a marine power plant closely, and to 


get higher efficiency than in the case of a shore plant with fluctuat- 
ing load install stokers on ships, pro- 


vided a low, flat boiler to get the furnace 


There was a chance now t 
volume became available. 
FEWER COAL SIZES SUGGESTED 


Bosler,!? 
should be S1Zes They 
to eliminate the rice and two sizes of barley now pro- 


Lester C 
that there 
would like 
duced and combine them into a size called bird’s-eye, which would 
mean a size through , and preferably through 


said that anthracite coal operators thought 


a reduction in the number of 


, in. and over !'/;,.1n 

; in. and over !/39 in 

M. Alpern, ting the Stoker Manufacturer’s Association, 
spoke briefly of its work in correcting ¢ vils that had cropped up, 
in improving the design of all stokers, and in creating a wider 
market for such equipment 

Chairman Breckenridge said that he did not subscribe to the 
that the furnace volume was a function of the horsepower of the 
boiler. He believed that it 


repre Sel 


idea 


a function of two variables: the 
rate at which coal was burned in the furnace and the volatile con- 
tent of the that burned In other words, the 
amount of volatile combustible material leaving the grate was the 


was 


coal Was being 


determining factor of furnace volume 

R. Sanford Riley,*! in reply to a question raised by Mr. Myers 
in regard to fusion on the surface of the underfeed stoker because 
of the fuel working upward to the higher-temperature zone, said 
that clinkers were the logical result of thoroughly burning out ash 
if the ash had the proper chemical elements. As to the troubles 
encountered from these which were inherent in 
kinds of coal in general, in underfeed stokers he desired to avoid 


clinkers, certain 
because of the reverberatory action under them, which 
and made the clinkers still more liquid, 
more trouble. In general this led 
up to the utilization of the maximum amount of radiation, using 
radiation as the f transferring heat from the fuel bed to the 
boiler. By making this transfer as direct as possible there would 
result a cooler fuel bed, less trouble with brickwork, higher efficiency, 
and less trouble with clinkers. 


arches 
raised the temperature 


causing them to run and make 


means ¢ 
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As to automatic regulation, the difficulty heretofore had been 
in getting operators with intelligence enough to regulate the fire 
directly, that is, the various drafts and the feed of the coal. It 
took a little higher grade of intelligence to regulate a regulator 
than it did to regulate the drafts and the coal feed directly; but 
he believed that before long regulators would be much more generally 
used, which was equivalent to saying that the grade of fire-room 
operators was being raised. 

Regarding setting heights, it was not claimed that the specifi- 
cations adopted were perfect, but it was certainly a great advantage 
to all to have some standard established by which some of the most 
serious mistakes made in the past might be avoided. 

W. J. Wohlenberg,”? discussing automatic control, said that in 
the case of parallel operation of a number of forced-draft stoker- 
fired boilers, the device first to respond to the load would be one 
that would be actuated by a change in pressure. That device 
would operate a throttle valve or an electric control governing 
the fan used to drive air through the fuel bed. Ifa similar change 
was desired in all parts of the equipment, every device and fan 
would have to have similar characteristics and then the right con- 
dition would be obtained only provided the same kind of fuel bed 
with the same kind of fuel was under every boiler. That, it would 
be seen, made parallel operation automatically very difficult. 

W. G. Freer®’ said that he had spent 20 years at sea and knew 
what had to be accomplished in order to operate stokers on ship- 
board. The stoker being installed in nearly all the locomotives 
built by his company, he believed, could be adapted for such ser- 
vice. It distributed the coal evenly over the fire by means of a 
pair of mechanically actuated firing shovels. 

J. C. Perey,** thought that stoker manufacturers could do away 
with much of the trouble experienced by their customers if they 
would manage in some way to furnish proper instruction to the men 
who were to operate their equipment. 


CLOSURES 


T. A. Marsh, in closing, said that the real thing in efficiency was 
the cheap production of steam. Sometimes it was possible by burn- 
ing a cheaper coal with low efficiency to make cheaper steam. He 
agreed with Mr. Riley, that automatic control was coming, for he 
knew of a number of installations working very successfully under 
such regulation in the West. 

Answering Mr. Maynz on the tightness of forced-draft stokers, 
he would say that there were types on the market today that were 
very tight and would not blow out. He took exception to Mr. 
Cary’s statement that on the grate we burned fixed carbon. We 
did not. It rested on the grate until it was thoroughly burned; 
but the only thing that we could possibly burn was gas. As to 
Mr. Cary’s question regarding caking coals, he would say that they 
were not suitable for chain grates, and chain-grate manufacturers 
were not attempting to burn them today. 

H. F. Lawrence, in summing up the comments on his paper, 
said, referring to Mr. Polakov’s discussion, that the mechanical 
stoker was more than a coal-feeding mechanism. In addition to 
putting the coal into the furnace, it had to deposit the ash into some 
locality from which it could be easily removed, and also furnish 
the air at such places and velocities and directions as to accomplish 
the burning of the fuel in the best manner. 

As to Mr. Myers’ references to the clinker on top, the under 
feed stoker of course formed its ash on top. It was the feeding 
of the coal from the retort that flooded the ash on the fuel bed. 
The coal, in addition to rising up, was pushed forward so that the 
ash was carried forward toward the grate wall with the fuel. There 
was a comparatively small amount of ash, and the main feature to 
avoid trouble of this kind was to get the secondary coal-feeding 
mechanism—that which controlled the issuance of the coal from 
the retort—in such relation to the particular fuel and the amount 
that it would carry the clinker on beyond the end of the retort 
before depositing it. 





22 Asst. professor of mechanical engineering, Sheffield Scientific School 
Yale University, New Haven, Conn. Mem. Am.Soc.M.E. 
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24 Mechanical superintendent, Julius Kayser & Co., Brooklyn, N. Y. 
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With reference to burning different coals, the underfeed stoker 
was built with adjustments, the principal one being this control 
of the coal from the retorts, which was what made it possible to 
burn a wide variety of coals on the underfeed stoker. 

As regarded cinders, it could be said that the higher setting heights 
were reducing them, and that the lower air pressures and lower 
velocities of air which would come as designs were improved, 
would also reduce them. 

With reference to slag on the tubes, they were reduced by the 
high settings. With some fuels this slag was much worse than 
with others, and provision should always be made in the boiler 
setting to get at it and remove it. 


Improving Power-Plant Efficiency 


HERE are three ways of improving power-plant efficiency 

maintaining the efficiency of the operating cycle, selecting the 
proper equipment, and improving the equipment by changes in 
design. Although in coal-burning plants over-all thermal effi- 
ciencies of about twenty per cent have been obtained under favor- 
able conditions, even in the largest plants the average for a year 
is far below this figure. Fifteen per cent is about the best that the 
average large station is doing, with many plants, having ratings 
for twenty thousand to thirty thousand kilowatts capacity, operat- 
ing at ten per cent or less. Instead of producing a kilowatt-hour 
on seventeen or eighteen thousand British thermal units, the 
average figure will be from twenty-three thousand to over thirty 
thousand. 

There are many conditions in plant operation that tend to re- 
duce the average over-all efficiency; some of them are controllable 
and others are not so readily handled. Load factor undoubtedly 
has an effect, but cases are on record where, in plants of consider- 
able difference in size, the smaller plant operating at about forty 
per cent and a larger one at sixty per cent load factor, the smaller 
plant showed thirty per cent less coal consumption per unit output 
than the larger station. Even though these conditions may exist, 
taking two plants that are alike as to equipment, if both are oper- 
ated with equal proficiency, the station with the highest load factor 
will develop the highest over-all average efficiency. 

For years it has been possible to obtain an over-all boiler-and- 
furnace efficiency of over eighty per cent with large stoker-fired 
boilers without the use of economizers, yet the average in many 
of the large plants is down around sixty-five per cent or less. There 
are a few exceptions to these figures where efficiencies up to about 
seventy-seven per cent have been obtained without the use of 
economizers. The maintenance of equipment has a marked effect 
on over-all efficiency and is very largely under the control of the 
operating force. 

The wide difference in average operating efficiencies of two 
plants under similar conditions can be attributed to operating 
methods and the selection of the kind and size of equipment to 
serve the load. When selecting equipment, it is not always pos- 
sible to obtain the arrangement that will give the highest over-all 
efficiency, or engineers have not felt justified in doing so. All 
electric drives for the auxiliaries and bleeder turbines for feed- 
water heating will give a higher over-all economy than using steam- 
driven auxiliaries. The possibilities of the station going dead have 
deterred power-plant engineers from taking full advantage of 
benefits to be obtained from this arrangement. Then again thers 
is the matter of cost. Will the installation of equipment that wil 
reduce the coal consumption reduce the kilowatt-hour cost at th 
switchboard? 

Present indications are that in the near future no radical improve 
ment in efficiency may be looked for in the design of power-plan 
apparatus, although the substitution of a regenerative cycle for 
the Rankine and higher steam pressures offer possibilities tha 
are encouraging. 

While power-plant engineers are waiting for the higher econom: 
to be obtained from new designs, the present differences betwee 
the average over-all plant efficiency and that which can be olb- 
tained with present design of apparatus offers a fruitful field f: 
careful study and improvement. (Power, Dec. 12, 1922.) 
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Tests of a Large Type W Stirling Boiler 
Particulars Regarding Extensive Tests Recently Conducted by The Detroit Edison Company, in 
Which Various Baffle Arrangements and Different Grades of Coal Were Used 


By PAUL W. THOMPSON DETROIT, MICH 


This paper deals with extensive tests conducted during 1921 on a large 1) y eriod Ap ri \ f 7 

Type “W""’ Stirling boiler at the Connors Creek power house of The Detroit g hree ¢ { 

Edison Company. Four different arrangements of the boiler baffling caged ’ zing coal and 0 

were employed and the results obtained with each are shown Separate u nad « } tT 
fests were made using four different grades of coal in order to determine re pl ded tor at le g 
which was most suitable Several operating tests were made to obtain data ( mpling 1 | ! 
on different methods of banking, the effect on the temperature of flue gas grou I | ler, « the bot . 
of varying the time interval between the blowing of flues, and different ! the damper In addition to thes 
methods of operating boilers during the low-load period at night \ nh gas mples were taken and analvzed in Orsats. two d 

From the results of the tests with different baffle arrangements, seventeen | 1e-gas recorders were it d. « 
of these large boilers have been rebaffled with a resulting improvement in uy Dl ! | on eacl de at the damper and 
boiler-plant efficiency and an increase in the degree of superheat of the ling na rage 24 umph und a 
steam Additional improvement is expected as more boilers are rebaffled ont on eacl he |} f the superheat 
From the data and results of these tests, the Babcoc k & Wilcox Company | t vhi ire ve } ired 
working in conjunction u ith The Detroit Edison Company, have developed 
a new design of this type of boiler. Four boilers of the new design have ERAL I IMP } MI 
been installed in the Marysville power house of The Detroit Edison Company, 
but economy results on the installation are not yet available { ; lia “ t . ‘ 

i i i i ~ 
™MINCI the original installation of the large Typ W Stirling “ ; 
The Detroit Edison Company in 1911, many 8 ga =. in Tota 

h improvements have been made and much experience has beet , - 
gained in regard to bettering the overall performance of these stear , 
generating units The results of the first tests conducted on thi “4 Pa I — - ort " k ith , 

ype of boiler were presented before the Society by Dr. D.S. Jacobus ved aoe aes enh on gee : ter ; 
in 1911. Several tests have been conducted since that time wit! aturated heating ice 1 ’ 
other objects in view than to obtain accurately the efficiency, but ‘i 

none involving the weighing of water and coal ' ecidiats a 
several vears ol experience in operating these boilers had brought H t n grat to 

ibout manv i provements, both in methods and in design of auxil- [ ‘ ~ " 

lary equipment, yet it was felt that there still remained further : 

opportunities for improving the operating performance. The ~ 

determination of means for obtaining improved performance con 74, it ' 

prised the main purpose ol these tests 
Kight series comprising fifty constant-rating tests were made Height a 

during which four different grades of coal were burned and fou De ‘a . 

different arrangements of the boiler baffling tried out 

lable 1 gives general data and dimensions of the equip- COAI 
ent and Table 2 the names and sources of the coals — 
gether with the quantities burned. Figs. 1, 2, 3, and 4 

how respectively the four baffle arrangements: namely, ) H 
e original baffle, the “A” baffle, the “B” baffle, and the N ( 

C” baffle 5 
Some idea of the magnitude of the test may be gained . 
m the fact that the total coal weighed to the stokers 2 " Hat kK ‘ ps goo 
iring the entire test was 12,137 tons, and the total water Shipy \ H kK J Oto 4 744 2s 
d to the boilers 101,200 tons. During the highest-rating — Shipper “A"| Harlan, K vos. ¢ 2,857 242 
st the coal consumption averaged 22.550 Ib. per hr. \ Snipy A Har 2 seal — 

. ; : Shipper “B"] Mingo, W. \ . 2,304,68% " rs 

mplete record was maintained of the weights of coaland =| ner “C"| Kanawha, W. \ ' 668.998 4 
iter during periods between tests, including seven — ghip; pl] Ww. \ ‘ 171 
ing-up and burning-out periods, from which data an 
erall efficiency for the entire period up to and including 
t No. 76 was computed and found to be 77.9 per cent. — ~ 
rhe tests were commenced April 7, 1921, and completed ane ae spine 

\ugust 27, 1921. The full number of observations were Per eating 14 
cen until August 6 only, after which date operating tests Apparent evaporatior & 
re conducted for the purpose of determining the effects - eee = ™ 
blowing flues at various intervals of time and also to he “po ear pee . 1120 
tain data on the amount of coal required for different Computed refuse in per cent of 13.92 

kinds of banks. These tests were conducted with a Loss to sta nt ne 18.8 


reduced force, taking only the most essential observations. 


echnical Engineer of Power Plants, The Detroit Edison Co. Assoc- 
Mem. Am.Soc.M.E. 
ontributed by the Power Division and presented at the Annual Meeting, 
New York, December 4 to 7, 1922, of Tae AMERICAN Society oF MEcHAN- 
Ica, Enarneers. Abridged. All papers are subject to revision. 
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AS) 


shown on Figs. 1, 2, 3, and 4. All points on the west side have 


even numbers and those on the east side, odd numbers. Each 
location except 15 and 16 represents two couples: one placed in 
the center C, the other placed in the south half S if it is on the east 
side, and in the north half N if on the west side. The furnace 
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temperature was obtained at point F at the north and south ends 
of the furnace by focusing an optical pyrometer on the closed end 
of a carborundum tube, the tube being of ordinary test-tube shape 
and projecting about 30 in. into the furnace. In addition to the 
observations taken at the points mentioned above, a recording po- 
tentiometer was used for recording the temperatures at the two 
dampers separately, each record being an average of five equally 
spaced points on either side. 

In addition to the four operating draft gages regularly provided 
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Fic. 1 Oricinat BAFFLE ARRANGEMENT IN THE TyPreE W STIRLING 
Bo1iLer TESTED 


on the control board, the drafts were measured at points as close 
as possible to where thermocouples were installed. 

The quantity of air supplied to the air chamber beneath the 
stoker was measured by a Thomas air meter installed on the suction 
side of the blower. 

All testing equipment was installed and the tests were run under 
the direct supervision of the author, assisted by Mr. A. K. Bak, 


TABLE 3 COMPARISON OF COAL ANALYSES 


(Analyses are for dry coal and are made on duplicate samples. Samples Nos 


116 and 126 are Shipper “‘A"’ coal; sample No. 138, Shipper “B" coa 
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technical engineer of the Connors Creek station. Coal and water- 
weighing equipment was installed by the Construction Engineering 
Bureau of The Detroit Edison Company. The Thomas air meter 
and thermocouples were made and installed by the Research De- 
partment under the personal supervision of Mr. W. A. Carter. 
The author wishes to express his appreciation to Mr. J. W. Parker 
and Mr. C. F. Hirshfeld of The Detroit Edison Company, and to 
Dr. D. 8. Jacobus of the Babcock and Wilcox Company for their 
valuable suggestions and criticisms, and to all those who in any way 
contributed to make the test a success. 


DESCRIPTION OF TESTS 


The eight series of tests were made up of 50 constant-rating tests, 
each series being conducted under different conditions. The 
first series (tests Nos. 2 to 10) was for the purpose of obtaining the 
efficiency before making any changes in the boiler or its auxiliary 
equipment. Shipper “A” coal was used since a regular and uniform 
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supply could be counted upon, and its cuality was about an 
average of the many kinds being received at that time. 

At the time the tests were commenced the boiler had 

___ been in regular service for six months, and it was decided 

to ascertain how much the efficiency was impaired by the 

soot which gradually collects on the tubes and is not re- 

moved by the soot blowers. To this end the first series 

| Ash of tests was conducted without specially cleaning the boiler. 

Then the boiler was given a thorough washing on its ex- 

| terior surface and a second series of tests (Nos. 11 to 18) 

| 11.20 was run, also using Shipper “A” coal. 

When Dr. Jacobus made his tests on this type of boiler 
in 1911 he used Red Jacket coal, so for the purpose of 
10.30 comparing results obtained in 1911 with those obtainabl 
10.04 now, a series of tests was made (Nos. 20 to 24) using 
ela Shipper “B” coal, which, in quality, was as close an ap 
10.25 proximation to the coal used by Dr. Jacobus as could bi 
10.73 obtained. This coal, however, was of poorer quality 
10.69 having a lower heating value and higher moisture and as! 
than the 1911 variety. 
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ae | S 54.14 | 34.93 | 10.93 | 13297 | 70.57 | 5.15 | 10.93 | 1.38 | 1.04 
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t Values used in computations. D, The Detroit Edison Co.; 8, Solvay Process 


Pittsburgh Testing Laboratory 


8.81 Tests Nos. 30 to 33 were made with Shipper “‘C’”’ co: 
8.96 to determine its burning characteristics and adaptabilit 


_.._— for use on this type of stoker. The boiler baffling w: 
then changed to conform to that shown in Fig. 2, call 
“A” baffle arrangement, and a fifth series of tests (Nos. 40 
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Another series of tests 
using Shippe r “D” coal was also made with this same baffle arrange- 
ment (tests Nos. 50 to 54) in order to obtain the burning character- 


to 43) was made using Shipper “A” coal. 


istics and adaptability for use of this coal. 
After test No. 54 the baffle was again changed to the “B” arrange- 
ment shown in Fig. 3, and a seventh series of tests (Nos. 60 to 66) 


1 


was conducted to obtain data on the boiler operation with this 
baffle arrangement 

Che last of the constant-rating tests (Nos. 70 to 76) were made 
with the boiler baffled according to arrangement “C” shown in 
which Shipper “A” coal was burned. 
Following the constant-rating tests, additional tests were con- 
to determine the effect of blowing the flues at different 
intervals of time upon the ten perature of the gases leaving the 
boiler. Tests Nos. SO to 83 were conducted for this purpose, with 
intervals between blowing flues as follows: 


lig. 4, during 


ducted 


Number of test 8) 81 S82 83 
Interval between blowing flues, hours 1 12 24 s 
During these tests the boiler rating was maintained at about 155 
per cent 
The following nine days the boiler was banked during the night 
and over Sundays to determine the amount of coal required for 
banking. For the first five days a so-called “dead” bank was 


carried and during the last four days a floating bank. During the 
day period the boiler was operated at approximately 157 per cent of 
rating. A dead bank as used here is one in which the coal feed is 
entirely shut off and the fire is allowed to burn back as far as possi- 
ble without permitting it to go out entirely. Small amounts of 


CO, Fe 
C0. Or 


CO 


‘ 
4 
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coal, just sufficient to keep the fire, are fed from time to time as 
required. During a dead bank a boiler will cease to steam, and the 
pressure will fall to atmospheric if the banking period is of sufficient 
duration. With a floating bank the coal feed is sufficient to keep 
the tuyeres well covered and to hold a fire which will maintain full 
pressure in the boiler. With a floating bank the boiler may even 
continue to steam at a very low rating throughout the banking 
period. Each banking test was divided up into overlapping periods 
with a different proportion between steaming and banking hours. 
The coal required for banking was computed by taking the difference 
between the coal actually used during a period and the quantity 
computed as being required to evaporate the water fed to the boiler 
during the same period. An average heating value of the coal used 
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during each method of banking was taken as the standard, and all 
coal quantities were corrected to this standard hea ( | 
The last three tests conducted Nos 1OL-103 wer trict] 


operating tests to determine the results of different methods of 
operating the boilers during the low-load period. Throughout 
these tests the steaming rate was varied according to the plant load 
the boiler carrying its share of the total load during the day period 
Test No. 101 was of 48 hr. duration with the boiler steaming at a 
low rate during the night. Test 102 was also of 48 hr. duration, 
but the boiler was subjected to a dead bank at night rest 103 
15 “6 
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* BAFFLE ARRANGEMENT 


was of 25 hr. duration and the boiler was steamed at a rating of 
90 per cent during the night. 

Extended tables containing the data and results obtained over 
all these tests are on file at the Society’s headquarters and may be 
consulted by any one interested in their contents. 


DISCUSSION OF RESULTS 


Baffle Arrangements. Figs. 5, 6, 7, 8 and 9 show the results of 
all the constant-rating tests in graphical form for the different 
baffle arrangements. Fig. 5 shows that before any changes had 
been made to the baffling the efficiency touched 79 per cent at 160 
per cent rating. After the boiler was washed the efficiency curve 
was raised about 0.75 per cent, with a reduction in superhea‘. 
With the original baffling, Shipper “B” coal gave the highest effi- 
ciencies. These are shown in Fig. 6, in which are also plotted the 
points as reported by Dr. Jacobus in 1911 for the purpose of com- 
parison. Fig. 8 shows the results obtained with the boiler baffled 
according to the “B”’ arrangement. These efficiencies were higher 
than with the original baffling, touching 83.5 per cent at 106.2 per 
cent rating. Due to the fact that the extension grates, which will be 
mentioned later, had been changed prior to this series of tests for 
others with larger openings, the combustible in the refuse was greater 
during the high-rating tests than with the original baffle. In 
order to correct for this loss, which is not chargeable to the baffle, 
a broken line has been drawn in to show what the efficiency would 
have been with an ashpit loss the same as during the first series of 
tests. With the “C” baffle arrangement the maximum efficiency 
reached was 82.4 per cent at 130 per cent rating. The results of 
this series of tests are shown in Fig. 9. 

Each time the baffles were changed the row of tubes nearest the 
combustion chamber was partially cleaned by the workmen in 
making the changes, whereas the other tubes which were not touched 
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would retain their soot deposit. 
original baffling this difference in condition of heating surface should be kept 
The ‘‘B” baffle shows a lower stack-gas temperature and higher 
superheat which at its best point gives an efficiency 2'/2 per cent above the 
efficiency obtained with the original baffling; the best point, however, being 
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at a lower rating than before. Comparing the average efficiencies 
obtained during the entire series of tests on the original baffle 
before washing with the average obtained during the entire series of 
tests on the “‘B” baffle arrangement, we find that the original 
baffle gave 76.8 per cent at 178 per cent rating and the “B” baffle 
79.1 per cent at 145 per cent rating. These results include all periods 
between the tests of the respective series, and one starting and 
burning-out period. With the original baffling after washing, the 


first five tests (Nos. 11-15) gave an average efficiency of 79.5 pet 
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omy, due to the effect of additional superheat on reducing the tur- 
bine water rate. 

Grates. During the tests, grates 
different-sized openings were installed with the object of reducing 
the 


including the 


Extension extension with 
the combustible in the refuse by furnishing more air over 
grinders. Three different arrangements were made, 
standard grates which were in use at the beginning of the test 
These original grates had a total area of openings of 11.76 sq 


per set. At the completion of test No 


in 


10 new grates having a total 








cent at 99 per cent rating, and tests Nos. 16-18 gave 79.7 per area of openings of 17.15 sq. in. were installed. Just before test 
cent at 122.8 per cent rating. From the results as shown in the No. 40 another change was made by increasing the air openings 
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at balance (Table 6 
gh. 


A comparison between the average results obtained with the 


, It is apparent that these efficiencies are too 


“B” and “C” arrangements shows the former to be 79.5 per cent 
at 145 per cent rating and the latter 79.8 per cent at 157 per cent 
rating. The gain, however, is not believed to be due entirely to 
the baffle arrangement, as a separation of the furnace, grate, and 
boiler losses show that for the “C”’ arrangement the unavoidable 
losses were 0.7 per cent lower than for the “B.” Granting that a 
gain of 0.3 per cent in efficiency is accounted for by the “‘C” baffle 
arrangement, the fact that the ‘““B” baffle gave a higher superheat 
makes it more desirable from the standpoint of overall plant econ- 


through the five top bars, leaving the two bottom bars as before. 
The total area of openings per set was then 25.40 sq. in. The 
damper control was also changed and improved to give closer regu- 
lation of the air to the extension grates. This last change did not 
give the expected results since the combustible in the refuse increased 
from 3 to 5 per cent over that obtained with the original grates. 
Although the ash content of the coal was about 1 per cent greater 
than during the first series of tests, it is not believed that this could 
account for the increase in combustible in the refuse, since the 
average rating carried with the original grates was considerably 
higher than after the second change. The effect of the second 
change in extension grates should be determined from tests Nos. 
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60-67 and 70-76. Comparing the combustible for those tests 
with that obtained before and after the first change, it is seen that 
at low ratings the percentage after the second change was only very 
little greater than after the first one, although from 2 to 3 per cent 
greater than with the old type, and that the high averages are 
caused by greatly increased losses at higher ratings. That this 
increased loss due to combustible in refuse was due to the arrange- 
ment of air openings in the extension grates, is verified by the fact 
that at the completion of all tests the boiler was put back into regu- 
lar plant operation, and the same difficulty with down blast through 
the grinders was experienced as during the test. Grates of the old 
type were then installed and additional observations were made at 
the same ratings as before, with the result that there was no down 
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blast and the refuse contained about the same percentage of com- 
bustible as during tests Nos. 2-10. 

Air Supplied to Stoker. It will be seen from the results obtained 
from the Thomas air meter that this method of measuring the air 
supplied for combustion was not accurate, due to the leakage of 
air from the air chamber beneath the stoker. The results indicate 
that at high ratings the blower supplied over 25 per cent more air 
than was actually delivered through the stoker tuyeres. The 
Thomas air meter was checked against a 36-in. orifice with rounded 
entrance and was found to be an accurate means of measuring the 
quantities of air supplied by the forced-draft fan, but due to leakage 
from the air chamber the results could not be used for combustion 
computations. 

Results Obtained with Different Coals. Data on the four different 
coals used in the tests are given in Table 2. Inasmuch as the differ- 
ent coals were not tested under identical conditions as regards boiler 
and stoker, the efficiencies obtained are not directly comparable. 
Except for Shipper “D” the percentage of CO. was about the same for 
the different coals, so the comparison may be made on the basis 
of the ashpit loss only. 

Pass Temperatures. Figs. 1, 2, 3, and 4 show the points on a cross- 
sectional view of the boiler at which temperatures were taken, 
and Table 4 gives the temperatures at the different points. The 
readings of the thermocouples at symmetrical points in the two 
halves of the boiler have been averaged, and these averages are 
given in the table instead of the temperatures at each individual 
point. The over-fire temperature (point F) is the average of the 
two readings taken, one at the north and one at the south end of 
the combustion chamber. Points 15-16 are the average of the two 
readings 15 and 16, while every other point is an average of four; 
for instance, a point marked 3-4 is the average of thermocouples 
3S, 3C, 4N and 4C. Observations obtained at point F are not 
correctly the temperature in the furnace due to the radiant heat 
given to the front rows of boiler tubes. 

The heating surface as shown in Table 5 was computed on the 
basis of effective heating surface, assuming the superheater surface 
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to have the same effectiveness in absorbing heat as the remainder 
of the boiler. Computations were made which showed the super- 
heater absorbs about the same amount of heat per square foot as 
the average for the boiler. 

Heat Losses. Table 6 gives the losses itemized in percentages of 
the total heat supplied in the coal. The loss due to combustible 
in refuse is based upon the percentage of combustible in the refuse 
and is computed by assuming that the refuse lost through the stack 
contains the same percentage of combustible as the refuse from the 
ashpit. Presumably the refuse to the stack contains more com- 
bustible than was shown by the analysis of the ashpit refuse, 
so the losses under this heading probably are slightly under the 
correct values. 

In the radiation and unaccounted-for losses are included radia- 
tion from the boiler setting, loss due to sensible heat in refuse, 
loss due to unburned gases other than CO, and all errors involved 
in observation and analysis. Due to the fact that this item in most 
cases is small compared with results obtained in other tests, a few 
words of explanation are given to show that the radiation on this 
type of boiler is very low. Mr. H. Kreisinger' gives the radiation 
per square foot of exposed surface as 250 B.t.u. per hr. at 100 
per cent rating and 350 B.t.u. per hr. at 200 per cent rating. The 
total exposed surface of this boiler, including steam drums, is 4294 
sq. ft., or 1.81 sq. ft. per rated boiler hp., giving a radiation loss 
per hour per rated boiler hp. of 453 B.t.u. at 100 per cent rating 
and 634 B.t.u. at 200 per cent rating. The coal burned per rated 
boiler hp-hr. is practically a straight-line function between 50 
per cent and 225 per cent rating, which gives 3.4 lb. per hr. at 100 
per cent rating and 6.77 lb. per hr. at 200 per cent rating. This 
gives the radiation loss per pound of coal as 133 B.t.u. (1.06 per cent) 
at 100 per cent rating and 95 B.t.u. (0.76 per cent) al 200 per cent 
rating, assuming a coal of 12,500 B.t.u. per lb. as fired. An effort 
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was made to check these values by computing the radiation losses 
on the bases of the exposed surfaces and certain temperatures 
some of which were actually measured on a boiler of this type 
and some assumed. Conservative values of heat-transmissior 
coefficients were taken, with the result that the calculation gave th: 
radiation per pound of coal as 75 B.t.u. (0.60 per cent) at 10 
per cent rating and 40 B.t.u. (0.32 per cent) at 200 per cent rating 
With the exception of a few tests which were of too short duratio 

or were otherwise unsatisfactory, the observed radiation loss: 

did not depart from the computed radiation by more than 1.5 px 

cent of the heating value of the coal. 


ENERGY Usep BY BorLer AUXILIARIES 


The stokers, blowers, and grinders were driven by direct-curret| 
variable-speed motors, the electrical input to which was measured 
by watthour meters. This electrical energy was all generat: 


1 Boiler Tests with Pulverized Illinois Coal, H. Kreisinger and J. Blizard 
MECHANICAL ENGINEERING, May, 1921, p. 321 
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on the auxiliary turbo-generators, the exhaust steam from which is 
all utilized for heating feedwater. 

Fig. 10 gives for tests Nos. 60-66 the electrical energy required 
per hour for the blowers, stokers, and grinders, the steam equiva- 
lent to the electrical energy, and the total steam for all auxiliary 
uses expressed as equivalent steam from and at 212 deg. fahr. 


FLUE BLow1inGc BANKING—VARIABLE-RATING TESTS 


Four tests (Nos. 80-83) were made to determine what effect 
varying the time interval between blowing flues would have on 
the temperature of flue gas leaving the boiler. In Fig. 11 the 
temperature increase has been plotted against the time interval 
between blowing. The B.t.u. loss per hour was computed from 
the mean temperature increase and is also shown in the same figure 
for ratings of 150 and 200 per cent, 

The banking test included the period from August 13 to August 22. 
From August 13 to 18, the first period, dead banks were carried at 
night and over Sunday, and from the 18th to the 22d, the second 
period, floating banks were carried nights and Sunday. During 
the daytime the boiler was steamed at about 157 per cent rating 
The results of these tests have been plotted in Fig. 12 and straight 
lines have been drawn through the points representing the two 
methods of banking. It seems probable that a straight line does 
not represent the true relation between the two variables, but the 
lack of sufficient data makes the determination of the exact re- 
lationship impossible 

These tests were conducted while the boiler was baffled according 
to arrangement ‘* The two tests with low-rate steaming show 
practically the same decrease below the efficiency at constant rating 
(4 per cent and 3.8 per cent), whereas the test during which a dead 
bank was carried at night shows a decrease of 5.1 per cent 
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When burning out the fires the coal was run entirely out of the 

preaders and stoker hoppers, so that this amount of coal had to be 
lded to or subtracted from the weighed coal over the starting or 
irning-out period. This loss and gain has been plotted against 
e per cent rating in Fig. 13 The ratings are those carried on 
e boiler at the end of the starting-up period and the beginning 
the burning-out period. 


Cont LUSIONS 


Baffling Arrangements. The “A” baffing arrangement showed no 
provement over the original arrangement except that the draft 
+} 


he damper was reduced about 33 per cent. 


With the “B” arrangement an average increase in superheat of 


r 20 deg. fahr. was obtained and the flue-gas temperature Was 
luced about 70 deg. fahr. as compared with the original baffling. 
The draft was also about 38 per cent less than with the original 
baffling. The results obtained indicated that there was very little 
difference between the “B” and “C” arrangements, and on account 
oi the simplicity of the “B” arrangement and the fact that a slightly 
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higher superheat was obtained, it was decided upon as the most 
practical arrangement to install in the present boilers. 

Extension Grates. The changes made to the extension grates 
did not give the desired effect. After both the first and second 
changes the combustible present in the refuse was greater than with 
the old-type grates, and resulted from the trouble experienced with 


down blast which heated the grinders. It is believed that further 
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study will develop a better arrangement of air openings, which 
will make possible a reduction in ashpit loss. 
Air Supplied for Combustion. The method employed for measur- 


ing the air required for combustion was 


unsatisfactory, due to air 
leakage from the air chamber beneath the stoker, although the air 


passing through the meter was correctly indicated. This leakag 
ymounted to as much as 25 per cent at high ratings 

Comparison of Coa Shipper “B” coal gave only slightly 
better efhciency than Shipper “A” coal, while Shipper “C”’ coal 


was about | per cent and Shipper “D” 
Shipper “A” coal 


comparable due to the different arrangements of boiler baffling 


il 2.5 per cent lower than 


The results obtained, however, are not directly 


ind conditions of the beating surface \ comparison on the basis 


combustible lost in the refuse si s to be a better method 
k’xpressed in percentage of dry coal the loss was 

Shipper B \ ( 8) 

Per n¢ ae 1.60 3.2 >. OS 1.25 


Considerable difficulty was experienced with Shipper “D” coal due 
to the low fusion temperature of the ash, resulting in large clinkers, 
so that this coal was considered unsatisfactory. The other three 
burned satisfactorily, so that a consideration of cost f.o.b. plant, 
together with the relative value as fuel, determined the most eco- 
nomical coal. The results in this case were slightly in favor of 
Shipper “B.” 


En rqut 


auxiliaries averaged about 0.7 per cent between 170 per cent and 


The total energy consumed by the boiler 


200 per cent rating, while at ratings near 50 per cent the energ 


\ 
consumed was 1.6 per cent. These figures are based upon the com- 
plete utilization of the exhaust steam in the feedwater heaters 

Flu Blo nd. Taking into consideration the labor and main- 
tenance costs dire tly influenced by the frequency of blowing flues 
together with the quantity of steam required per blow, an economic 
balance is obtained at 12.5 hr., assuming a constant rating of 200 
per cent. Boilers banked at night should be blown only once a day 
The foregoing is a literal interpretation of the test results which 
does not indicate exactly the proper procedure but serves more &@s a 
check on present practice. 

Banking. Expressed in equation form, the coal required for the 
two methods of banking is: 


Continued on page 44 








Testing Involute Spur Gears 


By M. ESTABROOK 

In this paper two new devices for testing spur gears are described: 
namely, the Saurer gear-testing machine, a Swiss development by means 
of which the accuracy of the tooth curves, spacing, and eccentricities can be 
determined with a high degree of precision; and the odontometer, an Ameri- 
can instrument for quickly and accurately testing gears for tooth curves and 
spacing, and which can be used during the processes of manufacture, making 


it possible to locate troubles in the machines or tools 


N MODERN machine construction it | 

tageous to pay close att ntion to the inspection of component 

parts, 
sembly. 


las been found advan- 


as in this way much time can be saved in the final as- 
Ge: than 
have not been inspected with as much precision as othet 


irs, however, being more intricate most parts, 
machine 
components. 

The most commonly used method of inspecting gears 1s that of 
rolling them on centers by hand. However, it is difficult to locate 
the exact trouble with a pair of faulty gears in this way. 

The well-known type of gear-testing machine consisting of one 
fixed spindle and one adjustable spindle is usually employed for 
testing This indicator will show eccentricity, 
faulty spacing, or large teeth. 


gears on centers. 


The gear-tooth vernier is commonly used to measure the thick- 














THe 


SAURER GeAR-TESTING MAcHINI 
ness of gear teeth and accurate results can be obtained with it if the 
The gear-tooth micrometer, 
however, consisting of a straight-sided rack tooth with micrometer 


vernier is kept properly calibrated. 


adjustment for depth, is superior to the gear-tooth vernier in that 
the contact points are planes which wear relatively slowly, and it 
is easier to read than the vernier. 

An excellent method of testing large gears is to mount them on an 
arbor in a lathe and then arrange an indicator to bear against a 
piug inserted between the gear teeth. 

The Kavle indicator is frequently used for testing tooth curves 
and consists of a straight edge arranged to roll on a disk the size of 
the base circle of the gear to be tested. A dial indicator shows any 
deviation from the true involute curve 

Projecting apparatus similar to that used for screw threads is 
sometimes used to examine gears, the tooth curves being compared 
with a correct profile. 

Where large numbers of gears of a kind are to be tested, as in 
automobile manufacture, it is practical to devise special fixtures 
for testing the spacing and tooth curves of each gear. 
1 Niles-Bement-Pond Co. Mem. Am.Soc.M.E. 

Contributed by the Machine Shop Division and presented at the Annual 
Meeting, New York, December 4 to 7, 1922, of THe AMERICAN SOCIETY OF 
MECHANICAL ENGINEERS. Slightly abridged. All papers are subject to 
revision. 


However, 
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NEW YORK, N. + 
on account of the expense of making separate fixtures for « rear, 
this method is not used extensively 

The pring pal object of this paper, however, is to describe in di 
tail two new devices for testing gears: the Saurer gear-testing n 
chine, which was developed in Switzerland, and 1 dontometet 
an instrument of American origin 

THE SAURER GEAR-TESTING MACHIN 

The Saurer gear-testing machine permits a more detailed study 
of a pair of gears than any of the devices commonly used, and with 
it the accuracy of the tooth curves, the spacing, and the eccentricity 


) 


can be determined With a high ce gree of precislol Che machine, 


1 1 


shown in Figs. | and 2, consists of two spindles on which the gear 
are mounted. The spindles are also connected by two friction 


disks of which the diameters are the same as the piten diameters 
tested. On one spindle there is a single sleeve 
both the gear and friction disk; the other 
spindle there are two sleeves, one of which carries the second gear 
and the other the second friction disk. 

When the first spindle is revolved its friction 
other friction disk 
drive the other gear 


of the gears to be 


which carries its on 


disk drives the 
a uniform velocity and its gear should 
with a uniform velocity if the gears have 
is In this 
case the two sleeves on the second spindle will revolve together. 


with 
accurate, 


correct tooth curves and the spacing, ete 


If there are inaccuracies in the gears, however, there will be a slight 














Fic. 2 MACHINE, 


TESTING 


SAURER GEAR SHOWING (HART 


slippage between the sleeves. This slippage is magnified by 


system of levers and a pen point traces the deviation. 


a 
The magni- 
fication is about 100 to 1 for a 4-in. gear, or, expressed in another 
way, an angular variation of 1 min. is represented by 
the chart. All of this error may be in one 
and partly in another. The chart 
spacing, and eccentricity. 

In any pair of gears there is almost always more than one kind 


1¢ in. on 
or partly in on 
shows errors in tooth curves 


gear, 


of inaccuracy present, and, therefore, before proceeding to th 
examination of charts from the Saurer machine, it will be interesting 
to glance at Tig. 12, showing how the different kinds of errors ar 
shown by the pen point on the chart. 

A perfect gear gives a smooth circle or spiral. A spiral is pro 
duced when the friction disks are not of exactly the same diameter 
as the pitch diameters of the gears, but in many ways a spiral chart 
is preferable to a circular chart as it can be easily seen whether th 
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ame errors are reproduced in successive revolutions of the gears hig. 5 shows a chart made by a pair of ground gears. It is a 
Spacing errors are shown by quick radial jumps in the curve. spiral and the same errors appear in the successive parts of the 


Incorrect normal pitch is shown by a gradual change and then a 
juick radial jump. Faulty tooth curves are shown by an irregular 
irve for each tooth in the gear. 
trie chart. 


An eccentric gear makes an eecen- 


The chart of Fig. 3 was made by a typical pair of 15-tooth gears, 

it with a rotary cutter marked 15-16 teeth. It shows that the 

oth curves are not true involutes and that they do not drive with 
uniform velocities at all portions of the tooth profiles. This 
speeding up and slowing down of the driven gear during every 
tooth engagement causes noise at bigh speeds. 


vo 
ge 


The chart of Fig. 4 was made by a pair of gears for a high-grade 
automobile. These were procured from a service station. 


spiral; the jump was caused by a hair inserted between the 
ear teeth 

The Figs Ll, printing- 
press gears cut 1n differe nt Ways, and show how gear action can be 
studied by the use of the In color printing it is 
important to avoid streaks or gear marks on the printed page, 
when these occur the wear on the plates is excessive. 


charts of 6 to inclusive, were made by 
Saurer machine. 
as 
For this 
reason presses for color work require especially accurate gears. 
The captions under the illustrations describe the charts in detail. 
The two circles in the charts of Figs. 6 to 9 are made by turning 
one gear 180 deg. around. 

These charts are a great aid in studying the action of a pair of 
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gears and are of material assistance in running down gear troubles. 
It is interesting to note that in all cases where a milled pinion is 
used, the charts have the characteristic sawtooth form denoting 
departure from the true involute tooth form. This is not so notice- 
able with the milled gear as the gear-tooth outline, especially when 
the gear has a large number of teeth, is flatter and any modification 
from the true involute is less apparent. The pinion is the most criti- 
cal part of a gear drive and it can be seen that when the pinions 
are correct the charts are almost perfect. 

The Saurer gear-testing machine is also provided with a vernier 
for setting the spindles to correct center distances and with an indi- 
eator for rapidly testing gears for eccentricity and uniformity of 


Flatts. 


Perfect Gear 


ee, 


Faulty Spacing 


Fin 


Faulty Normal Pitch 


Fau ty Tooth Curves 


Fic. 12 Types or CHarts PrRopUcEeD ON SAURER MACHINE BY DIFFERENT 


GEAR INACCURACIES 


tooth thickness. One of the spindles is mounted on a slide that 
is held in position by a strong spring and is in contact with a dial 
indicator. When the gears are foreed together this dial indicator 
should give a constant reading as the gears are revolved, if they are 
concentric. 

The slide in contact with the indicator has ball bearings, making 
it sensitive to slight inaccuracies in the gears. It is comparatively 
easy to establish limits of eccentricity for any given gear when run 
with a master gear, and this application of the machine is useful 
in the commercial inspection of gears, as it is rapid, accurate, and 
sensitive. 


THE ODONTOMETER 


The odontometer was designed to meet the need for a quick, 
accurate gage to test gears for tooth curves and spacing. It is 
based on the principle that the involute curves of successive teeth 
are parallel—that is, the distance between the involutes measured 
on a normal is constant. 

The instrument as shown in Fig. 13 consists of two rack teeth, 
one of which is fixed and the other is adjustable for different pitches. 
The adjustable tooth is mounted on flexible supports and is con- 
nected to a dial indicator. In use the instrument is allowed to 
roll in the gear to be tested. If the tooth curves are accurate 
involutes the needle: of the dial indicator remains stationary while 
the two teeth of the instrument are in contact with the teeth of the 
gear; or, perhaps a better way of expressing it is to say that the 
needle pauses as the instrument is rolled in the gear. If the spacing 
is correct the needle pauses at the same point for each tooth. If 
there is no pause the tooth curves are not true involutes. 

From Fig. 14 it will be seen that the odontometer does not test 
the whole tooth curve, but part of the dedendum of one tooth in 
relation to part of the addendum of the next. However, this is 
really the most important dimension because it is the overlap of the 
gears. That is, if this dimension is the same for all teeth, it means 
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that when two teeth are driving each is taking its proportional part 
of the load. 

To get good results from the odontometer the teeth of the gear 
should be smooth and should not be modified involutes. However, 
gears that are not true involutes can be tested for spacing errors 
with the odontometer. 

The distance measured by the odontometer is the normal pitch, 
which is the same as the circular pitch on the base circle, and if 
the circular pitch on the pitch circle is desired, the distance measured 
should be divided by the cosine of the pressure angle 

In order that two gears may run together satisfactorily their 
normal pitches should be equal. In case there is any variation 
the normal pitch of the driver should never be less than the normal 
pitch of the driven gear 

One of the principal advantages of the odontometer is that it 
can be used during the process of manufacture and troubles located 
in the tools. For grinding the 
odontometer can be used without re moving the gear be ing tested 
from the machine or disturbing the setting. 


machines or Instance, in 


gears 
Further, it will meas- 
ure gears designed to run at any pressure angle and can be quickly 
adjusted for different pitches. 


It can also be mounted on a stand 




















Fic. 13 OponTroMetTer FoR TesTInG GEARS OF FROM 3 TO 10 DIAMETRAI 
Pircn 
4 smaller instrument is made for gears of 10 to 24 diametral pitc! 
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Fic. 14. DiaGram SHowinG Part or Tootn Curve MEASURED BY THI 
ODONTOMETER OnLy THE Part BETWEEN THE LINES 
iM anp BN 18 MEASURED 


and used to measure the pinion-shaped cutters used in gear shapers 
In manufacturing, speed is of great importance and only thos 
methods of selected that are relatively 
rapid. It should also be borne in mind that control of the equip 
ment is fully as important as the inspection of the finished gears. 


testing gears should be 


In the commercial production of precision-ground gears the Pratt 
and Whitney Company use the and th 
odontometer during the processes of grinding and subsequentl 
test the finished gears by the hand-rolling or finger test and by th 
eccentricity test with dial indicator on the Saurer machine. T! 
backlash and center distances are also checked on the Saurer ma 
chine and finally the gears are run under power for a noise test. 

Nothing has been said regarding smoothness of tooth surfac« 
This is an important point in the smooth running of gears, but 
it is purely relative, definite limits cannot be fixed. 

Attention should be called to the necessity of accurately moun! 


gear-tooth micrometer 


(Continued on page 81) 














Power Required for Cutting Metal 


By FRED A. 

This paper gives results of an investigation extending over a period of 
more than ten years, the purpose of which has been to determine the funda 
mental laws governing milling, turning, planing and drilling operations 
In addi- 
tion to a very large number of tests made on milling machines constructed 
by the concern with which the author is connected, those reported by Fred 
erick W. Taylor and Professors Bird and Fairfield in the Society's Trans 


on the various metals and alloys used in machine construction. 


actions have been subjected to analysis, the following variables being 
studied 

1 The efficiency of the machine 

2 The rate of metal removal (cu. in. per min.) 

3 The average thickness of chip before distortion 

4 The front rake on the cutting blade 

5 The material being cut 

6 The spiral angle or shear on the cutting blade 

7 The condition of the cutting tool, sharp or dull 


The author's results are presented in the shape of formulas and tables by 
means of which the power required to machine metal in any given case 
may be calculated, and an example of their use is worked out in detail. 


N AN ARTICLE published in the technical press in 1920 were 
given the results of a preliminary study of a large number of 
milling tests run on Kempsmith milling machines. In the courss 

slide rule 
based upon them and constructed at that time gave very good re- 


of this study certain new laws were discovered, and 
sults over the range of data then available. Later investigation 
over a wider range of tests showed, however, that further considera- 
tion Was necessary, and it is the purpose here to give the results that 
have been obtained up to the present time. 

The variables which may affect the relative power required il 
the drive pulley of a machine tool are, according to present data, 
limited to the following, there being no evidence that speed of cut- 
ting affects power economy to any marked degree 
The efficieney of the 
The rate cu. in. per min. 

c The average ‘kness of chip before distortion 
d The front rake on the cutting blade 
e The material being cut 


a machine 


h of metal removed 


thi LTC 


f The spiral angle or shear on the cutting blade (trifling) 

g 
It also seems likely that lubrication or flooding of the cutter may 
iffect the power economy, but at present data on this 
available. 


The condition of the cutting tool, sharp or dull. 


pont 


not 


are 

In reality the seven variables mentioned above involve a variety 
of other factors. whose effect on the power required, however, is 
measured by their influence in fixing the value of the variables. 
Chese factors will be discussed in their proper place, as modifiers 
f the variables. 

The data available were those of a very large number of tests 
nade at the plant of the Kempsmith Manufacturing Company on 
arious milling machines of their manufacture, and of other tests on 
ower consumed, notably those of Taylor as given in his On the Art 
f Cutting Metals, and those of Professors Bird and Fairfield at the 
Voreester Polytechnic Institute (Trans. Am.Soc.M.E., vol. 

ese being chosen because the results were listed as “pressure on 

ol” on 

computed and thus a distinction be made between the power re- 

ured for cutting and that required for running the machine. The 
vempsmith tests were mainly run under the following conditions: 
a The machines were driven by a 25-hp. Crocker-Wheeler 
motor through a lineshaft having three roller bearings. 

This gave two belts and three roller bearings between 


26). 


as “torque,” from which the power to the tool itself could 


the motor and the machine pulley 

bh The power input for each cut was measured by means of 
a voltmeter and ammeter connected through resistance 

across the line at the starting switch of the motor 
Chief Engineer, Kempsmith Milling Machine Co. Mem. Am.Soc.M.E. 
ontributed by the Machine Shop Division and presented at the An- 
il Meeting New York, December 4 to 7, 1922, of Toe AMERICAN Sociery 
oF MecHaNicaL Enainerers. Abridged. All papers are subject to revision. 
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c A reading was taken just hefore each test (1) of the 
lineshaft, and machine pulley idle, and (2 

plus the machine with its speed and feed trai I 


but idle. 


d The speed of the drive shaft of the machine taken just 
before reading the instruments during the cut. This w 
done so that corrections could be made in the feed rate 
from which the ecubie inches of metal removed per 
minute was figured 

e The readings for the power were taken after the cut was 
well under way, to make sure that the machine would 
really pull the cut. The No. 4 Maximiller originally 
incorporateda safety slip device in the feed train which 
caused considerable annovance by reason of th ui 
that it worked too well, limiting the cut to the nominal 
rating of the machine, which was far under tl tual 
limit of strength of the drive gearing or the cap 
the belt 

Some exceptions to the above nditions ill be note I 
proper place 
KrFECT OF MACHINE FE} IENCY 

The efficiency I a macnine is a irl e qual t 
loadings. The power required to run the machine idl 
maximum efficiency of the mechanism ill 
sidered as determinants 

If a milling macl instal ip 
requiring, say, 1 hp. delivered to tl i! 
cut should then be increased fiftee s, the | 
it the drive pulley will not be increased in the 
This is due to the increased efficiency of the n ne ev d 
large) id 

It was recognized that in order to arrive at consistent r 
the variations due to machine efficiency i be elim ed 
Fig. 1 shows the efficiency at various loadings for two machines 
one having 90 per cent maximum efficiency and the other 70 per 
cent. This chart was plotted as follows 

a The zero point in the efficiency curve was taken as 0.6 hp 
from the average results of a number of tests of the powet 
required to run the No. 4 Kempsmith Maximiller witl 
all gearing running but idle 

b The high points in the hp.-output lines were determined 
by a series of tests, which, while not verv satisfact ry, 
nevertheless showed that for a milling machine with 
inti-friction bearings a maximum efficiency of at least 
00 per cent may be expected if the design is good, while 
for a machine having plain bearings throughout it may 


drop to as low as 70 per cent 
{ Taking 
chines of the two types gave the two lines for hp. output, 
and from the of these 
points the values for plotting the efficiency curve 


these efficiencies as the extremes for milling ma- 


adings lines at intermediate 
we re 
determined 

delivered to the 


out 


Referring to the first case mentioned, the 1 hp 
according to Fig. 1, al 
from the machine, that is, to the cutter, on the 90 per cent machine 
It 
Again, reading from Fig 
or six instead of fifteen times the power for the first cut. 
results on the 
different. 
This all shows very conclusively that cutting tests must be 
corrected for horsepower and for machine efficiency before consis- 
The method used in doing this in 
of “hp 


used to 


pulley would represent, a hp. outpu 


is this value which must be increased fifteen times or to 5 hp. 
1, this would require an input of 6 hp 
The 
70 per cent machine would of course | somewhat 


tent results can be expected. 
these tests was to reduce all horsepower values to a valu 
delivered to the cutter” or tool hp. This can then be 
obtain a value of “cubic inches of metal removed per hor 
delivered to cutter,” from which curves may be plotted for vary- 
ing conditions, 


sel 


ower 
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EFFrect oF RATE oF METAL REMOVAL 


The horsepower varies directly as the cubic inches of metal re- 
moved per minute, but only if all the other factors remain constant. 
This would seem fairly obvious, but it has been very much ob- 
scured by the variations caused by other factors, especially the 
variation in machine efficiency at various loadings and the varia- 
tion in proportionate chip pressure for different thicknesses of chip. 


EFFECT OF VARYING THE AVERAGE THICKNESS OF Cuip (A.T.C.) 


In the earlier investigation it was discovered that the power re- 
quired for milling was closely related to the feed per tooth per revo- 
lution and to the depth of cut, the two items being considered s ‘pa- 
rately. Later it was found that these items 
into an expression “Average Thickness of Chip” which influenced 
spiral and face mills alike (in fact, lathe tools, drills, ete. as well), 
gave uniform results over an extreme range of tests, and made 


should be combined 


>a, 




















Fie. 1 Ipeatn Macuine. Horsepower Ovuteut AND INPUT AND EFFI- 
CIENCY AT VARIOUS LOADINGS 


proper allowance for the cutter diameter. Variations in the 
diameter of the cutter had been recognized during the first investi- 
gation as influencing the power required, but no definite law es- 
tablished which could be incorporated into the formulas. 

The A.T.C. affects the power required for removal of metal 
directly according to a root of its value, the index of the root 
varying with different materials. Fig. 2 gives the results of a large 
number of tests and shows the relation for a variety of materials. 
This chart is a summary of five charts shown in the complete paper 

It will be noted that the tests charted include a considerable 
number for which the data were taken from the lathe tests run by 
Frederick W. Taylor and published by him in his book On the Art 
of Cutting Metals, as well as some drill tests run at the Worcester 
Polytechnic Institute. The fact that these tests fall into line with 
the milling-machine tests in such a completely satisfactory manner 
is considered as additional and very complete proof of the correct- 
ness of the general laws as formulated in Fig. 2. The logs of these 
tests are on file at the Society’s headquarters and may be consulted 
by any one interested in their contents. 

Several of the materials indicated in Fig. 2 have been tested 
for only a single point (see Table 1), and it is therefore not certain 
that the laws given for these should be considered as fully deter- 
mined. From the fact that the lines for two materials, east iron 
(machine castings) and soft steel, both come to a common point 
at about 0.0001 A.T.C., it is believed that this may safely be assumed 
for all other materials also. With this as a fixed point a single test 
is then sufficient to locate another, the two determining the direc- 
tion of the line for the material tested, and thus determining the 
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TABLE 1 MILLING TESTS OF VARIOUS MATERIALS ON KEMPSMITH 


NO. 4 MAXIMILLER 


Cutter: diam., 4'/,in.; no. of teeth, 14; dee. spiral, 25; deg. rake, 10; speed, 48 


r.p.m Cut depth, 0.250 in width, 53/4 in.; feed per min., 6.27 in feed per 
rev., 0.13 in.; feed per tooth, 0.0093 A.T.C., 0.0021 in cu. in. metal removed 
per min. 9 
Test Cu. in Ratio cf 
Sheet Hp.to perhp. cu. in 
Material No cutter to cutter per hp 
Cast iron (soft machine casting) through scale 4005-1 71 1.58 1.07 
Do., no seal 1005-4 6 06 1.48 1 00 
Cast iron (semi-steel 20°) through scale 1005-7 +.70 1.92 1.30 
Do., no scak 1005-9 ». OF 1.78 1.20 
Steel casting, clean—no scale 1005-11 8.90 1.01 0.68 
Steel bar (soft machine steel 1005-12 10 ) 0O.S8S Out 
Brass castin yellow bra 1005-14 +00 Jt l 
Aluminum casting (commercial alloy 1005-1¢ 1.80 00 $4 


The lines for aluminum and brass were thus determined 
Those for steel and for machine cast iron were determined for nearly 


formula. 


the full extent of the chart, and those for the other metals over a 
limited range only, but one sufficient to show that they apparently) 
follow out the theory of a common origin for the lines of all material 

The A.T.C. for the various types of cutting tools must be de- 
termined in various ways according to the types, which, for this 
purpose at least, fall into five classes as follows 

a Spiral or slabbing mills 

b Formed milling cutters, as gear cutters, ete 

c Face mills (1) with square corners on blades or (2) with 
corners rounded or chamfered 

d Lathe and planer tools 

e Drills, counterbores, ete. 

For spiral or slabbing mills, and in general all milling cutters 
with the exception of formed cutters and face mills, it can be show: 
that the A.T.C. depends upon the feed per tooth per revolution 
the cutter diameter, and the depth of cut, the relation being ex- 
pressed with sufficient accuracy for all practical purposes by a form- 
ula derived as follows: 

Let D cutter diameter 

R = cutter radius 

d = depth of cut 

f = feed per tooth per revolution of cutter 

feed per rev. + number of teeth in cutter 
\.T.C = average thickness of chip 
t maximum thickness of chip 

Then, referring to Fig. 3, 


d 


: d i 
t= AFYD\'- Dp 


whence 
ae t ; d j 
A.T.C., rs f \ via 
« D dD 
The preceding formula is based on the following analysis Re- 
ferring to Fig. 3, in the triangle with the hypotenuse & the height i 
obviously R — d, and the base, from the law’ of squares, equal 
V 2Rd — d*. Since the triangle with hypotenuse f is similar to t] 


triangle with hypotenuse R, their similar sides are proportional, or 
f:t=R:~/2Rd -d 
whence 
(R = f+/2Rd — d? 
but 
D 


) 


R 


2f 
t= DV bd @ = Fy é/,_5 
D D D 
Since the chip is a regular geometrical figure whose maximu 
height is ¢ and whose ends are zero, its average height (avera; 
thickness of chip) is '/st, or 


moe d d 
A.T.C, Ar a 
Formula [1] may be still further simplified by calculating and 
d 
D 


: , i'd : , 
tabulating values of \ D 1 —- for various values of the rat 


d — ; : 
Dp’ * in Table 2, thus reducing to A.T.C. = f X constant. The 
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greatest value of the constant being 0.5 indicates that for slabbing 
mills the A.T.C. cannot be greater than half the feed per tooth per 
revolution, this maximum value being arrived at when the depth 
of the cut equals half the cutter diameter. 


TABLE 2 CONSTANT FOR VARIO VALUI OF THE RATIO IN 
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Fic. 2) Revatrion oF AveRAGE Tuickness or Cuip (A.T.A 


For formed milling cutters the A.T.C. found by the above method 
must be reduced in proportion to the ratio of the width of the form 
livided by the length around the outline (see Fig. 4); or—A.T.C. 


eT a , \ d d width of cut 
D D length around outline 

This will be apparent if it is remembered that it is the average thick- 
ness of the chip which is required, and obviously if all the other 
ictors remain the same an increase in the width of the chip as de- 
ermined by the length of the outline will be accompanied by a 
orresponding decrease in the average thickness. This is explained 
iore fully later in considering the effect of rounding on the cor- 
ers of face mills. 

A reasonable approximation may be had, however, if instead of 
f nploying the above method, which involves computing or meas- 
iring the outline, a constant be used representing the approximate 
value of W/(length of outline) for various values of d/W. 
mstants are given in Table 3. 

In practice the A.T.C. for form cutters should first be obtained 
as if for a spiral-mill cut, and then reduced as per the formula 
mediately preceding or by multiplying by the proper constant 
from Table 3. 

or face mills, if the corners of the blades are square when cut- 
ting in the usual way, that is, with the work feeding centrally 
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TABLE 4 CONSTANTS FOR DETERMINING A T.C.—FOR USE ONLY FOR 
FACE MILLS HAVING BLADES WITH IUARE CORNERS 
Ww 
Rat Rat : 
? \.1 ) A.T AA 
I See I 
» 1 199 0.6 ) 
0.2 yr 0.7 { s 
0.3 O7F 0.8 0. 800/ 
1 a9 0.4¥ 0O.71¢ 
0 > } 1.0 Oo Sons 


revolution: 


for if the chip mop is considered as a regular geometri- 


cal outline whose greatest thickness op is the feed per tooth per 


revolution (f), and which tapers regularly to zero at the ends, it 


will be seen that the average thickness of such a chip will be 
f+ 0 ; , ; 
- — As the width of the cut becomes smaller in proportion 


to the diameter D (see width W, for instance), then the A.T.C. will 
approach the value of f, until for a zero width of cut the ends of the 
chip would have the same thickness as the center and the A.T.C 

f f ; 

would be* = | 2 
To determine the exact A.T.C. for intermediate widths of cuts 
we may use the formula as determined for spiral mills and find the 
value of ¢t (see Figs. 3 and 5). Since ¢ for a face mill is the thickness 
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EFFECT OF RATE OF METAL REMOVAL 


The horsepower varies directly as the cubic inches of metal re- 
moved per minute, but only if all the other factors remain constant. 
This would seem fairly obvious, but it has been very much ob- 
scured by the variations caused by other factors, especially the 
variation in machine efficiency at various loadings and the varia- 
tion in proportionate chip pressure for different thicknesses of chip. 


A.T.C.) 


In the earlier investigation it was discovered that the power re- 


IeFFECT OF VARYING THE AVERAGE THICKNESS OF CHIP 


quired for milling Was closely related to the feed per tooth per revo- 
lution and to the depth of cut, the two items being considered sepa- 
rately. Later it was found that these items should be combined 
into an expression “‘Average Thickness of Chip” which influenced 
spiral and face mills alike (in fact, lathe tools, drills, ete. as well), 
gave uniform results over an extreme range of 


tests, and made 
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proper allowance for the cutter diameter. Variations in the 
diameter of the cutter had been recognized during the first investi- 
gation as influencing the power required, but no definite law es- 
tablished which could be incorporated into the formulas. 

The A.T.C. affects the power required for removal of metal 
directly according to a root of its value, the index of the root 
varying with different materials. Fig. 2 gives the results of a large 
number of tests and shows the relation for a variety of materials. 
This chart is a summary of five charts shown in the complete paper. 

It will be noted that the tests charted include a considerable 
number for which the data were taken from the lathe tests run by 
Frederick W. Taylor and published by him in his book On the Art 
of Cutting Metals, as well as some drill tests run at the Worcester 
Polytechnic Institute. The fact that these tests fall into line with 
the milling-machine tests in such a completely satisfactory manner 
is considered as additional and very complete proof of the correct- 
ness of the general laws as formulated in Fig. 2. The logs of these 
tests are on file at the Society’s headquarters and may be consulted 
by any one interested in their contents. 

Several of the materials indicated in Fig. 2 have been tested 
for only a single point (see Table 1), and it is therefore not certain 
that the laws given for these should be considered as fully deter- 
mined. From the fact that the lines for two materials, cast iron 
(machine castings) and soft steel, both come to a common point 
at about 0.0001 A.T.C., it is believed that this may safely be assumed 
for all other materials also. With this as a fixed point a single test 
is then sufficient to locate another, the two determining the direc- 
tion of the line for the material tested, and thus determining the 
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TABLE 1 MILLING TESTS OF VARIOUS MATERIALS ON KEMPSMITH 
NO. 4 MAXIMILLER 
Cutter: diam., 4'/4in.; no. of teeth, 14; dee. spiral, 25; deg. rake, 10; speed, 48 
r.p.m. Cut: depth, 0.250 in width, 59/¢ in feed per min., 6.27 in feed per 
rev., 0.13 in.; feed per tooth, 0.0093 A.T.C., 0.0021 in.; cu. in, metal removed 
per min. 9 
Test Cu. in Ratio cf 
Sheet Hp.to per hp cu, in 
Material No cutter to cutter per hp 
Cast iron (soft machine casting) through scal 1005-1 71 1.58 1.07 
Do., no seal 1005-4 6.06 1.48 1 00 
Cast iron (semi-steel 20°%) through scale 1005-7 1.70 1.92 1.30 
Do no scale 105-9 » OF | 1.20 
Steel casting, clean 10 Scale 1005-11 8.90 1.01 0.68 
Steel bat ft machine steel 1005-12 10.30 0.88 Out 
Brass castin yellow bra 1005-14 1. Ov f l 
Aluminum castin ommiercial alloy 1005-1 1. Sf 00 S.4 


formula. The lines for aluminum and brass were thus determined 


Those for steel and for machine cast iron were determined for nearl\ 
the full extent of the chart, and those for the other metals over a 
limited range only, but one sufficient to show that they apparently 
follow out the theory of a common origin for the lines of all materials 

The A.T.C. for the various types of cutting tools must be de- 
termined in various Ways according to the types, which, for this 
purpose at least, fall into five classes as follows 

a Spiral or slabbing mills 
b Formed milling cutters, as gear cutters, ete. 
mills (1) with square corners on blades or (2 
corners rounded or chamfered 
d Lathe and planer tools 
e Drills, counterbores, ete. 

For spiral or slabbing mills, and in general all milling cutters 
with the exception of formed cutters and face mills, it can be show: 
that the A.T.C. depends upon the feed per tooth per revolutior 
the cutter diameter, and the depth of cut, the relation being ex 
pressed with sufficient accuracy for all practical purposes by a form 
ula derived as follows: 

Let D cutter diameter 

R = cutter radius 

d = depth of cut 

jf = feed per tooth per revolution of cutter 

feed per rev. + number of tecth in cutter 
\.T.C = average thickness of chip 
t maximum thickness of chip 

Then, referring to Fig. 3, 


c Face with 


‘ d ad 
{ = 2 \ 
D D 
whence 
~— t : ad a 
ALTA = \ _ 
~ D D 
The preceding formula is based on the following analysis: Re 
ferring to Fig. 3, in the triangle with the hypotenuse # the height 
obviously R — d, and the base, from the law of squares, equa 


V 2hd — d*. Since the triangle with hypotenuse f is 
triangle with hy potenuse R, their si 


similar to tl 
milar sides are proportional, or 
f:t=Rh:+/2kd - a 
whence 
(Rh = f+/2Rd — @? 
but 
D 


») 


R 


2f | ro d 
.t= a ee wee 
Since the chip is a regular geometrical figure whose maximu 
height is t and whose ends are zero, its average height (avera 
thickness of chip) is '/sf, or 


— d d 
A.T.C, = f iis 
; \ D\' D 
Formula [1] may be still further simplified by calculating and 


Se a ae 
tabulating values of t; 1 — —) for various values of the ratio 


D 


p’ 2 in Table 2, thus reducing to A.T.C. = f X constant. The 
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greatest value of the constant being 0.5 indicates that for slabbing 
mills the A.T.( >» cannot be greater than half the feed per tooth per 
revolution, this maximum value being arrived at when th 


e depth 

of the cut equals half the cutter diameter. 

TABLE 2 CONSTANT FOR VARIO! VALUI OF THE RATIO "1 
FORMULA [1 

Value of Ratio | lent V ‘ 
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For formed milling cutters the \.T.C. found by the above method 
must be reduced in proportion to the ratio of the width of the form 


livided by the length around the outline (see Fig. 4); or—<A.T.C. 

, 1 d 

\ 

D D length around outline 

Chis will be apparent if it is remembered that it is the average thick- 

ness of the chip which is required, and obviously if all the other 
ictors remain the same an increase in the width of the chip as de- 
rmined by the length of the outline will be accompanied by a 
responding decrease in the average thickness. This is explained 
ore fully later in considering the effect of rounding on the cor- 
rs of face mills. 


, width of cut 
riorm cutters idth i cu 


\ reasonable approximation may be had, however, if instead of 
f ploying the above method, which involves computing or meas- 
uring the outline, a constant be used representing the approximate 
value of W/(length of outline) for various values of d/W. 
constants are given in Table 3. 

In practice the A.T.C. for form cutters should first be obtained 
as if for a spiral-mill cut, and then reduced as per the formula 
immediately preceding or by multiplying by the proper constant 
fri n Table 3. 
or face mills, if the corners of the blades are square when cut- 
ting in the usual way, that is, with the work feeding centrally 


Such 
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rABLI ( rANTS FOR A.’ OR FORM rTeEl 
fultiply A.T.« t la ‘ ral w ‘ l the ra 
to obtain t I 
f Ra , 
t { I 
{ 
edge t Ul circie generated iu 
I >), it be shown that the A.T.( 
rati the wi of cut to the cutter diameter (W/D) and 
dl f he feed per tooth per revolution The A.T.A 
ill is a definite ratio of W/D See Table 4 
Che method of arriving at the constants giver lal | 
lows: Af il itt iwidth W’ (see Fig. 5) « » the di 
ter D would | \.T.C. equal to half the feed per toot! 
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TABLE 4 CONSTANT’ 


> FOR DETERMINING A T.C.,—FOR USE ONLY FOR 
FACE MILLS HAVING BLADI WITH IU ARI ORNERS 
Ra Ra - 
? AT & 
Fi See Fi 
0.2 » 99 0.7 0O.8 
» OTF 0.8 0. 800f 
: ara 09 0.716/ 
os ) 1.0 0. 5O0F 


revolution; for if the chip mop is considered as a regular geometri- 
cal outline whose greatest thickness op is the feed per 


tooth per 
revolution 


f), and which tapers regularly to zero at the ends, it 
will be see n that the average thickness of such a chip will be 
f+o0 ; , , 
— ~. As the width of the cut becomes smaller in proportion 
to the diameter D (see width W, for instance , then the A.T.C. will 
approach the value of f, until for a zero width of cut the ends of the 
chip would have the same thickness as the center and the A.T.C 
f+tf : 
would be* = J. 
To determine the exact A.T.C. for intermediate widths of cuts 
we may use the formula as determined for spiral mills and find the 
value of ¢ (see Figs. 3 and 5). Since ¢ for a face mill is the thickness 
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of the end of the chip, the A.T.C. for any value of W/D will be 
J+ 


») 


- 


The value of ¢ as determined for spiral mills is found by the 


formula ¢ = 2f \ qd ies d 
D D 
in Fig. 5 if d be considered as the distance from the edge of the 
cutter circle to the work instead of being the depth of cut as for spiral 
mills. 
For a face mill having any width of cut W, the value of d in the 


and the same formula holds fort 











Fic. 3 THIcKNESS OF CHIP FOR SPIRAL OR SLABBING TOOLS 


above formula may be expressed in terms of the diameter of cutter 
and width of cut as follows: 
D Ww D-W C 
ad - -_-—_--= = 0.5(D — W) 


») ») ») 


Then for face mills: 


: 0.5(D — W) 0.5(D — W) 
l 2f : _— 
, \ D ( D ) 





Cutter It may be shown that the value 

of the term 0.5(D — W), and there, 

«-W -> fore the value of the preceding 

. — formula and also of the formula 
is A.T.C. = (f + #)/2, will be con- 
i LZ Work stant for any given ratio of WD if 
expressed in terms of f. (See list of 

Fig. 4 Repvuction 1n A.T.C such values in Table 4, which are 


FOR ForRM CUTTERS 


u width of form; d depth of 
cut; abcd length of outline.) 


much easier to use in computing 
A.T.C. than the formula.) The 
simplified formula for obtaining 
A.T.C. for face mills having square corners is therefore as follows, 
the constant being obtained from Table 4: A.T.C. = constant x f. 

For face mills having a corner radius on the blades, it can be 
shown that the A.T.C. as determined above for square-cornered 
mills must be decreased according to constants depending upon 
the ratio of the depth of cut d to the corner radius on blades r. 
(See list of these constants in Table 5.) 

The method of arriving at these constants is as follows: If the 
corners of the blades are perfectly square (Fig. 6), then the width of 
the chip ( = ek) is equal to the depth of the cut d, and the A.T.C. 
at all cross-sections of the cut will be the same. 

If the corners are rounded (see Fig. 7), as is almost invariably the 
TABLE 5 CONSTANTS FOR USE IN DETERMINING A.T.C. FOR FACE 

MILLS WITH ROUNDED CORNERS 


(Multiply A.T.C. for equivalent cut with face mill having square corners by constant 
corresponding to value of depth of cut divided by corner radius on blades.) 


Constant 


a eng o 

Rate R pag iB i Aeeregp Ame ot red area A.T.C.9xd 
(See Fig. 7) (See Fig. 7) = A.T.C.”Xd ~ length — 1’B 

0.1 0.445r A.T.C x O.lr 0.225 

0.2 0.645r A.T.C.> X 0.2r 0.31 

0.4 0.925r ATC x O.4) 0.43 

0.6 1. 16r etc, 0.52 

0.8 1.37r 0.58 

1.0 1.57r 0.64 

2 2.57r 0.78 

3 3.57r 0.84 

4 4.57r 0.87 

5 5.57r 0.90 
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case in practice, the A.T.C. will vary at different sections of the 
cut, being a maximum only for sections of cut not coming on the 
radius of the cutter blade, as at A, and running down to zero at B. 
The real A.T.C. or average value of A.T.C. for all the sections would 
therefore depend upon the ratio of the depth of cut d to the corner 
radius r, or d/r. This real A.T.C. may for the moment be called 
A.T.C.¥, to distinguish from what may be called A.T.C.> for a 
cutter with sharp corners. 

Now if the average area of chip is computed by multiplying 
the average thickness (A.T.C.°) as obtained for face mills with 
square blade corners by the depth of cut d, this value will not be 
changed by the addition of the corner radius since it is obvious that 
if a certain area of work is removed by taking a definite number of 
chips, determined by speed, feed, number of teeth in cutter, ete., 
each chip will have a definite area regardless of its form. This can 
be stated thus 
A.T.C2 /d 
The addition of a corner radius, however, will change the length 
from gh in Fig. 5 to AB in Fig. 7, and the real average thickness or 
A.T.C.¥ will therefore change accordingly, or: 


Average area 
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Fig. 5 DiaGram REPRESENTING A Face-Mitt Cut 
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Fic. 6 Face MILu with Square CORNERS ON BLADES 


A.T.C.R average area A.F.C? xd 
Sy i Aa length of chip length 
The length A’B in Fig. 7 may be found by the formula 
F angle S 
Length A’B = 2znr — 
360 

For any given value of d/r it can be shown that the length as ex- 
pressed in terms of r will be constant and upon this basis it can als 
be shown that for any given value of d/r the value of A.T.C.* will 
also be constant as expressed in terms of A.T.C.. 

If these ratios are evaluated they result in the constants giver 
in Table 5, by which the A.T.C. as determined for a given cut wit! 
a face mill having square corners must be multiplied to get th 
true A.T.C. for an equivalent cut with rounded or beveled corners 


A.T.C. ror LATHE AND PLANER TOOLS 


After having followed through the above it will be apparent 
that for lathe and planer tools the A.T.C. will also be depender 
upon the form of the tool 

a If the tool has a sharp corner and acts square with tl! 
direction of feed, then the A.T.C. = feed per revolutio: 
or per stroke 

b If the tool is rounded, or stands at an angle, the A.T.C. a 
determined above for the square-cornered tool must b 
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reduced to its true value by multiplying by the depth 
of cut and dividing by length of the chip, on the same 
principle as used in determining the true A.T.C. for face 
mills having rounded corners. 

There are no accepted standards for tool forms in general use 
and therefore no table of constants can be given here, though 
these could easily be worked out for any standardized set of forms. 
For the lathe tests of Frederick W. Taylor which are incorporated 
in Fig. 2, the A.T.C. was modified as above according to the out- 
lines of his standard tools as given in On the Art of Cutting Metals. 

A.T.C. ror Dritus, COUNTERBORES, ETc. 

For counterbores, where the cutting edge is square with the feed, 
the A.T.C. feed per revolution number of teeth in tool. 

For drills the angle of the cutting edge must be considered. 
The A.T.C. as determined above should be multiplied by the 
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be made when employing it unless the drill to be used is some- 
thing other than a standard. 

There is a possibility that front rake has different effects according 
to the material tooled, but this is not indicated to any marked 
extent in tests thus far available 


PowER REQUIRED FOR VARIOUS MATERIALS 


Each material requires a different formula for determining the 
metal removed per hp-min. or the hp. required for any given cut 
see Fig. 2. 

It is apparently not possible to give any fixed ratio for the power 
required for different materials this varies ac 
A.T.C., the differences due to varying materials becoming small 
and negligible when the Py ‘is reduced toa value of about 0 OOO], 
as has been previously explained. The tests in Table | 
the ratios of metal removed when the value of A.T. 0.0021 


cording to the 


as 


show 


























cosine of the angle the ratios for other values of A.T.C. can be determined from Fig. 2 
cutting edge makes with B Since allowance for various materials has already been made by 
the direction of the feed, “' 3 a ~~ . the use of different lines on the chart, it is not necessary to consider 
‘ ? . d 
which in the case of a drill " this item when computing the hp. required or metal removed 
ground to the standard d A -— oy per hp. for any given cut, beyond choosing the proper formula or 
angle of 59 deg. would be r s” ‘ reading from the proper line 
the cosine of 31 deg. or : : ; 
() R57 ErrecT OF SprRAL OR Heiix ANGLE (SHEAR) ON THE CUTTING 
tees 0 — apo © ome BLADE 
For the drilling tests ! 
the A.T.C. was deter- It is important to distinguish between the action of a spiral 
mined as above, the cubic angle or shear, as on a spiral milling cutter (which does not make the 
inches per  horsepower- chip thinner), and the effect of setting a lathe tool on an angle, 
munute be Ing reduced 20 Fic. 7 DIAGRAM OF ROUNDED CORNER OF which thins down the chip by increasing its le ngt! while its area 
per cent for the purpose of Face-MiLt BLape or Tooru remains constant according to the feed in use i the same way 
comparison with the stand- js ote depths of a r. eee that the chip thickness is decreased for a form cutter and for a face 
Ta I or eq sient € t i i Hh = ien i] ‘ 
ard line, as the line rep- of chip mill with round blade corners, as previously discussed, or by the 
resents a tool half dulled angle on the point of a twist drill, which also thins down the chip 
: : , : : The effect of adding a spiral angle to a milling cutter, as far as 
.FFECT OF THE Front RAKE oF CuTTING BLADE ON POWER : aoe ; rie 
power efficiency is concerned, seems to be largely confined to re- 
(_ONSUMEI ; ; iat 
. _ ducing the bumping action of the cut and thereby somewhat re- 
Tests are available only for milling cutters, and only up tol2 ducing the maximum power required, From the standpoint of 
deg. of rake (see Table 6 The results of such tests as are avail- powe! required this effect is not Important 
r TABLE 6 EFFECT OF FRONT RAKE OF BLADES ON POWER REQUIRED FOR 
P CUTTIN« METAI 
rE ‘ Mater t el ‘ , f 7 wy at } 
‘ Max 
Cutter | ( | ( 
Cr 
kr Test a an — = — , Net a.T. . Ra 
| } | mere } Gu =~. 4 rag I : 
- ne ies | [Speed Feed Feed od ‘ ; aie | erage alia om 
” =e and diam..,| aie ae 1 po ans and per | oe : : r | R 
tee i adeg 7 ‘ tooth i r hy 
- “uv mu rev., t Te 
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0 
‘ eS — — a . — — 
0 1004-11 Si i 6 th 78 4.35 0.056 0.0094 O.2 1.50 1.39 Cie | 130 1.00 00 
0 1004-19 Sp., 6 10 25 35 3.55 0.103 0.0108 51 | 3.60 142 0.002 140 1.35 
5 | 1.10 
74 1004-15 Sp., 41 11 | 48 6.20 | 0.131 0.0119 8.9 5.40 65 0.0028 1.48 110 1.15 
10 1004-0 Sp., 4} 14 25 63 8.65 0.137 0.0098 124 7.60 64 0022 1.60 19 
12 1004-13 Sp., 4} 11 26 63 7.35 | 0.117 0.0106 10.4 6.30 é 002 1.59 119 1 
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able seem to show that for milling cutters the power required 


varies directly as the ratio of the covered sine of the rake angle, or 


the cubic inches of metal removed per tool hp. varies inversely in 
the same way. 

For milling cutters and lathe tools the front rake may vary con- 
siderably, and allowance according to the above should be made 
when computing metal removed or hp. required from the chart of 
Fig. 2, which is based upon milling cutters of about 10 deg. front 
rake and lathe tools of about 15 deg. front rake. 

For drills the rake as determined by the helix angle is not sub- 
ject to much variation in practice. Fig. 2 being based on drills 
having the rake angle of the standard twist drill (which is about 
equivalent to a 15-deg. average cutting rake), no allowance need 


A test run first with several narrow cutters set up with all the 
teeth on a line, and again run with the teeth staggered (to give 
the effect of a spiral cut), showed the power reduced in the ratio 
of 1.42 to 1.27 (Test sheet No. 4 Maxi. 4004-17-19). 

The spiral angle is of considerable importance, however, from the 
fact that a large spiral angle will enable fewer teeth to be used in 
the spiral or slabbing cutter. The only reason for using many cut- 
ting teeth in such a cutter is in most cases to reduce the bump- 
ing action to a point where the work, jigs, and machine will stand 
it, and this can be done effectively with fewer cutting teeth if the 
spiral angle is large. 

For the same reason a cutter with considerable spiral angle may 
take a heavier feed than one with small or no angle, though this is 
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often prevented by interference of chips. The increase in the feed 
rate is, of course, equally as effective as a decrease in the number of 
teeth in increasing the cutting efficiency. 

No tests are available for extreme spiral angles such as those of 
the helical mills sometimes used, but it is believed that the greater 
efficiency of these mills is almost entirely due to the decreased 
number of teeth and consequent increase in A.T.C., which would 
fully account for a greatly increased efficiency. 


I.FFECT OF SHARP AND DuLL Currers 


The condition of the cutter has a very pronounced effect on the 
amount of power required for removing metal. It is believed 
that a good part of the variations above and below the line on the 
various charts are due to differences in the degree of cutter sharpness. 

Tests showing the variations for sharp and dull milling cutters 
cannot be expected to show uniform results as there is no standard 
for dullness. However, a number of tests (see Table 7) show that 
the power may be expected to increase as much as 40 per-cent or 
more before the appearance of the cut warns the operator that it is 
time to resharpen in the case of milling cutters. 

As the economical time between grinds varies with different 


TABLE 7 POWER REQUIRED FOR DULL AND SHARP MILLIN( 
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they fall almost exactly on the line corresponding to the half-dulled 
cutter. Lathe tools, to be run economically, as shown by Taylor 
in his On the Art of Cutting Metals, should be run at speeds which 
dull them very rapidly as compared with the economical speeds 
for milling cutters. It is therefore probably safest to consider all 
lathe tools as dull tools, because the time interval between a sharp 
and a dull tool is, or should be, comparatively very short. Execep- 
tions to this are formed tools and other tools in automatic ma- 
chinery, ete., where the cost of resetting makes it necessary, as for 
a milling cutter, to increase greatly the time interval. 

This completes the consideration of the variables mentioned 
at the beginning of the paper as affecting the power required for 
cutting metal, and from what has been set forth may be figured the 
power required by the cutter for almost any combination of tool 
and cut. Belt hp. ean only be computed if the idle hp. and efficiency 
under some known load are known, though it can be approximated if 
the last item only is known, especially if the cut represents a fairly 
large percentage of the machine’s capacity. , 


EXAMPLI lo find the power required for a gang of 5 gear cutters of 
6 pitch, No. 4, 37 diam., 13 teeth, when cutting in cast iron (semi-steel 
20 per cent steel) with a feed of 7 ; in. per min. and at a speed of H.5 ft 


o3sr p.m 


, CUTTERS 
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* - ~ oI ; . Bi & be | ¢@ ¢ | ' : ; ¢& 
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SS Seerrrrer , 2309-11) (53 in | | ; $1.5)0.350) 9 11.00/0.2¢ 22.15) 10.90)2.04 |0.0059 OL | ‘ 
" : : | | rm 
Sharp 2323-17) C.1. | | Face mil 14 10 10 los a'o.450! t 7.350.294) O62 83 7.25|2.74 1069) none lo 74 
rere a 2323-10 . | | 24 510.400 6 4.1¢ | 7.20) 8§.10)2.12 Oey 2 12 1.2 
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jobs, being sometimes one or more days and sometimes the period 
required to finish a given lot of pieces, according to various considera- 
tions, it seems best to consider the entire interval from sharp to 
dull as ten equal units, irrespective of the time involved. The 
tests—1217-7, etc., Table 7—show that the cutter dulls ina fairly 
regular manner, and on this basis the power required could be con- 
sidered as increasing regularly to a maximum of about 40 per 
cent above that required with a newly sharpened cutter, at which 
point the operator would notice that it needed resharpening from 
the fact that it was no longer cutting properly. 

In computing power required or metal removed per tool hp. from 
the chart of Fig. 2, we would, according to the above method, 
take the results from the chart as being for a cutter which had been 
used for five of the allotted ten units mentioned: in other words, a 
cutter which was just half dulled. The computed power required 
for any given conditions would then be increased if the cutter had 
been run more, or decreased if the cutter had run less, than the time 
or distance required to half dull it; while if computing metal re- 
moved per tool hp. this procedure would of course be reversed, the 
amount of increase or decrease naturally depending upon the num- 
ber of units less or more than half dulled up to approximately 20 
per cent over and under for the maximum of 5 units. 

The preceding paragraph refers only to milling cutters. For 
drills no data are available, but when allowance is made as above, 


a Find A.T. ior equivalent speed, feed and dept! for spiral mill (see 
Par. 28) as follows: 


\ D D 
27 feed per tooth per revolution = feed per rev divided by no 
of teeth in cutter = 0.115 + 13 0.0055 in 
3 For a 6-pitch gear cutter, depth d = 0.359 in., whence d/D 
0.359 /3 7/16 = 0.104 in. 


! 


4 From Table 2 the value of \ é (: » § ) when d/D = 0.100 is 
D D 
0.300, whence 
5 A.T.C. for equivalent spiral mill = 0.0088 * 0.500 0.0026 in 
b» The value thus obtained must be reduced to obtain true A.T.C. for the 
form cutter 
1 True A.T.C. for form cutters = A.T.C. for equivalent spiral-mil 


cut X constant representing ratio of d to W 
2 Width of cut W for a 6-pitch cutter is (measured) about sin. and 
e the standard depth is 0.359 in., whence 
d 0.359 


= - = 0.582 approx. 
W 0.437 
3 From Table 3 the value of the constant for d/W 
0.50, whence 


0.82 is about 


4 True A.T.C. = A.T.C. X constant = 0.0026 X 0.50 = 0.0013 
c Having found the true A.T.C. as above, we may now read from Fig 
at the point of intersection of the line of A.T.C. = 0.0013 with the line for cas 


iron (semi-steel), the cu. in. per tool hp., which is 1.25 cu. in. approximate! 
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We would therefore expect 1.25 cu. in. of semi-steel per tool hp. for this cut 
if the rake on the cutter were 10 deg. and the cutter were half dulled. 


d As the rake is actually 0 deg., we must make allowance therefore as per 
Table 6: 
1.25 >» 1/1.21 1.03 eu. in per tool hp-min 
e The amount of metal removed per minute by the above cut will be 


3.4 cu. in. for the 5 cutters feed per min area of cut), assuming that 


the area for a single cutter is one half the depth times the circular pitch. 
f Since we expect 1.03 cu. in. per hp-min., 3.4 cu. in. per min. will require 
3.41.03 3.3 hp 
g The value thus obtained is for cutters half dulled For sharp or dull 
cutters this would be decreased or increased 20 per cent, respectivel 
5. (1 0.20 2.65 hp for newly sharpened cutters 
3.3 (1 + 0.20 1.12 hp. for dull cutters 
A test cut run with conditions as noted above required 3.26 hp. to the t 
with cutters which, while in good condition, had been used before and wer 
partly dulled (No. 4 Max. Test sheet 4004-21 
h To determine the belt hp. from the tool hp., the tant I | 
and for efficiency under cut must be known for the 1 hine on w h tl 
ut is to be rur th mer the reverse f the roce f find 
the tool hp Ha 1 determined I iven m t 
t t tput t | I 1) for the 1 hi n be re t 
torn 1 for 
t On the K No. 4 Maxi er r t e, the 4.12 hy 
tters noted \ l eased a ‘ 
4.12 1.08) + 0.6 ».Uo belt hp. required 


While the foregoing method of computing the hp required for 


itting metal may be empl 


lig 


yyed provided a line similar to those 


2 has been established for the 


material to be 


cut, 1t is mu 
re convenient to use a slide rule in which the data have been 
incorporated. Such an instrument is described and illustrated in 
uppendix to the complete paper 
SUMMARY 
lor milling ( power economy increases 
lor bot ng ane ce ng cuts 
1) A e rp.m. of cutter decreased, but o1 hi 
‘ ‘ thickne Sj } y 
2 the ed per I ition of cutter is) inere l 
}) As the numl teeth in cutter is deere d 
! th re ins constal thus increasing 
thy ip thi ’ 
1) A ( t rake is increased 
ko piral ar S gy cutters 
1) As the r diameter is decreased 
2) As the dept! f cut Is increased, 
Fon face mills 


1) As the 
2 As the 


cutter diameter is increased 


width of cut is decreased 
3) As the corner radius or chamfer is decreased 
1) As the depth of cut is increased, but this only affects 
power economy when the blades have a rounded 
or chamfered corner. 
| or lathes, planers, etc., the power economy increases 
1) As the feed per turn or per stroke is increased 
As the round on tool point is decreased 
As the angle of the tool face with direction of feed 
is decreased 
(4) As the cutting rake is increased 
(5) As the depth is increased, but this only affects power 
economy if the end of the tool is rounded 
lor drills, counterbores, ete., the power economy increases 
(1) As the feed per revolution is increased 
(2) As the number of flutes or cutting edges is decreased 
(3) As the spiral angle or cutting rake is increased 
1) As the drill is ground with a smaller included angle of 
point. 


»\ 
9 
\o 


‘hile the foregoing points the way to greater power economy, 
possibilities must in many cases be subordinated to practical con- 
siderations. On a miller, for instance, too slow a cutter speed, too 
lew teeth in the cutter and too high a feed, though desirable for 
cutting efficiency, will cause hammering, and usually the work and 
jigs will not stand this, even if the machine would do so. In certain 
cases this can be overcome by using helical mills with large angle of 
teeth, but not always. 

In certain other important details, also, a given set-up may fail 
in operation even though the computed power is well within the 
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may he 
and feeds 
even though the cut is fullv within the machine’s ecapacitv—in fact. 


Almost any ichine 
caused to chatter, or may chatter o1 


cutting capacity of the machine. 
certain speeds 
often because the cut is too light or the cutters too sharp to put an 


al d tak 


initial strain on the supporting structure 
More often it 
cult to 

Of 


ut the slack 
is due 
avoid for all conditions 
two spindle speeds, both 


power and have equal belt-hp. capacity, yet t 


to synchronized vibrations, which are diffi- 
may be equally el ent in the 
transmission of 
gear leverages and bearing and shaft stresses by which one is ol 
tained may be excellent, while for the other they may be very poor 
causing unsatisfactory cut 
As another iz 

a 


to spiral ml it 


s, chatter vibration, and failure 


tance of practical limitations (though thi 
nis 


might he supposed that more teeth in the 


cutter would g ial power economy with greater productio1 


unit of time, provided the feed was increased to gi the 
average thickne ip, because more chips would be it per l 
ute by the greater number of teeth. However, not only is ther 
danger of chip interference, but if it be considered that the r.p. 
i given cu ited for al given mate i again 
hat the d per 1 limited in most ca by the f 
required—which is generally a ‘ted as being determined for spiral 
ills | ! lutions marl 1 not by tooth marks—it will be 
een t i point r.p ind of d per minute is soon reached 
where the o1 W left to increase the average chip thickness and 
tain great | t 1 r of teeth. the on! 
it in tl li g tioned, the hamm«e g 
tiol cutter \ cut app hes the limit of the mac 3 
power ¢ city t lvantage of { th in the spiral mill - 
eomes very rk ts etfect u n. 
| inl ii t } \ e of tl eli tat 
' a emee ; - ent. ean he mad 
fy g gy l gy ver, de 
‘ I I ‘ 4 
hiber in Metals 
lr} , 
ro} sponding 
( { Ve l le mater Kt as 
ugal | u produced in the ls of many men, and 
even ot « petent eng Ir t! coOnce that all really strong 
and tough materials must be fibrous, and that all ervstalline sub- 
stances are likely to be weak and brittle 
\ study of their microstructure, however, shows that all metals 


in a normal condition—i.e., when not severely cold-worked—are 


entirely crystalline, and that the minute crystals of which they are 
composed show no orientation of predominant length. There is, 
therefore, nothing in the nature of a “fiber” in the metal itself. 
The individual strips or bars into which a thick bar or plate be- 
comes more or less complet ly divided by the presence of “slag’’ 
bands can never be any the stronger on that account. The metal 
itself, in fact, fiber; its longitudinal strength 
appears greater than its transverse strength only because in the 
transverse direction the enclosure bands make their weakening 
presence felt far more actually than in the longitudinal Were 
they entirely eliminated, the metal would be equally strong in all 
directions, and yet there would be no sign of “‘fiber.”’ 

It would thus seem that the desire for a “fibrous” 


possesses no real 


structure is in 
essence a mistaken one, and that the cause of the fibrous appear- 
ance is in reality a weakness and not an advantage. It is true 
that under certain bending tests in which the power of the metal 
to undergo a large amount of plastic bending constitutes the main 
factor, the “fibrous” higher results. Here the 
fibrous material gains a spurious advantage from the fact that it 


material shows 
is enabled to behave very like a bundle of bars or thin plates 
rather than as a single piece of material. Owing to the weakness 
of the slag layers, the various rods and plates are approximately 
free to slide over one another and a larger amount of bending 
occurs before fracture takes place. But this is no real gain for 
practical use. The Engineer (London), Nov. 10, 1922, pp. 499 
500. 








Control of Lumber-Cutting Waste and Production 


By CARLE M. BIGELOW,! BOSTON, MASS. 


Increase in board feet per man-hour and reduction in waste percentage 
in the cutting department of woodworking plants by means of wage in- 
centive are discussed in the following paper. A differential rate based 
upon the two factors of production and waste is paid a standard crew. 

Eleven steps in the gathering of data required are described. An ex- 
ample of the working out of the payment method is given and its application 
outlined. The proper planning of cutting orders, standardization of 
lumber selection and drying, and operational standardization is essential 
to the method. An example showing results obtained is also given. 


HE PURPOSE of this paper is to outline the principles and 
application of a wage-incentive plan which has been success- 
fully operated to reduce waste and increase production in 

the cutting departments of furniture, box, toy, auto-body, and 
general millwork manufacturers. 

Little attention has been paid to the reduction of lumber wastage 
in the past, and even now few concerns are giving the subject the 
consideration its importance warrants. When we take into ac- 
count the fact that probably not over 35 per cent of the average 
tree is actually developed into lumber, and that of this lumber 
consumed in manufactured wood products from 11 to 60 per cent? 
is wasted, the necessity for conservation is evident. 

The essential problem in the cutting of lumber—which differs 
from the cutting of metal and other materials—is the lack of con- 
stancy of the material. Two boards of the same size and supposed 
quality of lumber may, through the presence of knots, checks, and 
other defects, have to be utilized in two entirely different manners. 

The usual method employed is to send orders for all current prod- 
ucts required to the cutting room, where they are got out of the 
available lumber by a more or less rule-of-thumb, cut-and- 


hour production for maximum first-quality production of the 
manufacturing budget. 

7 Standard Crew. Considering the previously mentioned stand- 
ards and the manufacturing budget, establish a normal working 
crew for the department with stated base rates of pay. 

In one plant where this method was applied the original crew 
numbered 37 and were paid $884.80 weekly as follows: 


2 supervisors oi $ 59.80 

22 operators 5S Fi) 

11 helpers 217.50 

1 knifeman 30.00 

1 sweeper 19.00 

37 $884.80 

The standard crew of 20 received $505 as follows: 

1 foreman $ 42.50 

1 assistant foreman 32.50 

1 dispatch clerk 25.00 

9 operators at $26 each 234.00 

6 helpers at $20 each 120.00 

1 knifeman 32.00 

1 sweeper 19.00 

20 $5 5.00 
8 Board-Foot-Hours Standard. Determine the average board 
footage per operative-hour required by the above-mentioned 


standard crew to produce the manufacturing budget. 

i) The general quality and sizes of lumber 
to be purchased should be studied to be sure that the best material 
for the product is available. In this connection it should be seen 
to that the proper thicknesses of lumber are on hand to avoid any 


Lumber Assortment. 





try method. 
After a number of years’ experience in the industry, it is 
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40 
the author’s opinion that it is absolutely impossible to 3 ; 
utilize lumber economically in this manner; that in spite bee x 
of the very variable nature of the lumber, the only solution 36 3 
for economical cutting is a carefully devised scientific at 
method. The first step in the development of sucha | ¥ 7 
method is the collection of the following data: oo SES LELIS fe 

1 Production Budget. The entire production (manu- 30. . Sf Ap fe 
facturing budget) for a manufacturing period should be man IPOV OI PI 
carefully estimated. This period should be never less than ae 
three months and if it is possible to estimate a year’s ins: desesssess VII IT sunsestssessscstseceresersseess 
production fairly well, it is better to make it up for this z4a5 
period. meee: 

2 Parts List. Analyze this production into a table of z= 
all parts required, grouping together all those that are ene s 
interchangeable. mY: 

3 Parts Dimensions. Rough-dimension into length, cf 
width, and thickness the classification of parts given above. = 

4 Cutting Bills. After careful consultation with and aH 
advice from the practical management personnel, make up = faa 22 
from this list average cutting bills for kiln loads of lumber = ERS 


so assorted that practically all the various usual lengths -7 





/SUSr 18088 | Sig | ee See | on mz 
Yoste in | Soord+Feet per Moaretou- 


2 | 





and widths may be utilized by each cutting and still satisfy 
the average flow of orders. 

5 Part-Stock Control. Establish a careful physical 
control and perpetual-inventory method over any ac- 
cumulation of part stock in order that in making up 
cuttings such stock may not be unduly increased over the require- 
ments shown by the manufacturing budget. 

6 Operational Standardization. Study and standardize each 
machine and manual operation in the cutting department, deter- 
mining definitely the proper method, feeds, speeds, ete., and man- 


1 Chief Engineer, Cooley & Marvin Co. Mem. Am.Soc.M.E. 

2 This wide variation in wastage depends upon lumber variety and quality, 
product, and cutting methods. 

Contributed by the Forest Products Division for presentation at the 
Annual Meeting, New York, Decemver 4 to 7, 1922, of Tae AMERICAN 
Society OF MECHANICAL ENGINEERS. Slightly Abridged. Al!l papers are 
subject to revision. 
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Fic. 1 Propuction-Waste Ratio CHART 


(The percentage coefficient multiplied by the number of board feet produced per man-hour 


gives the bonus percentage for the hours worked 


wastage through the use of improper sizes, a common cause ¢ 

waste. 

The assortment of No. 1 common, of Is and 2s, etc., to be pu: 
chased must be based upon purely local requirements and should | 
proved by a series of lengthy test runs of the various grades. Suc 
a classification developed in a certain high-grade cabinet plant w 
as follows: 

Quartered White Oak. 1s and 2s specially selected for light color, all w« 
figured stock, free from mineral streaks, coarse grain, worm ho! 
pink flakes and sap. All stock to be well air-dried and the moist! 
content not to exceed 20 per cent. 

Poplar. No. 1 common and selects, free from dark mineral streaks 
black stain. 
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Mahogany Is and 2s African, all ribbon, 
not llowed. 

Chestnut. No. 1 common and better, sound wormy. 

Quartered Red Gum. No 

Sap B ch. No. 1 common and selects. 
and 2s and 10 per cent 


-figured stock; end-grain stock 


1 common and selects 
On $/s-in. birch 10 per cent of 1s 
f No. 2 common acceptable where necessary 


Crating Lumln 1 in. by 4 in. No. 2 common and better short-leaf yellow 
pine D2S to iin. square-edge soft-texture stock, random 10- to 
16-ft. lengths, air-dried. 


10 Drying. The kiln equipment and methods of drying should 
be carefully studied and standardized. Improper drying methods 
often render any attempts at waste reduction in the factory abortive. 

11 Waste Limits. By test runs, knowledge based upon ex- 
perience, and direct calculation, determine fair waste limits for the 
various cutting schedules, using lumber of the grades selected. 


DEVISING AND INSTALLING THE PLAN 


With the data available from the preceding eleven steps, we now 
ave three major requirements: 


— 


1 Devise an incentive wage-payment plan 
2 Inaugurate proper planning of cutting 
3 Install the payment plan. 
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Fig. 2 FoR Waste RepUcCTION 


PRODUCTION 


GRAPH OF Bonus INCENTIVE 
aT Point oF NoRMAI 


Devising the Incentive Payment Plan. An incentive wage-pay- 
ment plan for a cutting department must control both production 
and waste. The development of such a plan will be illustrated by 
an example, the plant in which it was applied being one manu- 
facturing a very high grade of stock and special office and library 
furnishings and equipment. 

The range of production per man-hour for the standard crew was 
determined to be from 11 to 30 ft. B. M., standard at 26 ft. The 
waste range was from 36 per cent down to 15 per cent, standard at 
20 per cent. 

The first step is to chart the relations between board-feet-per- 
hour production and waste, for a range of waste percentages some- 
what wider than the standard Such a chart is shown in Fig. 1. 
Che percentage coefficients at the top of the chart are determined 
is follows: 

A graph of bonus petcentages for waste eliminations is plotted 
is shown in Fig. 2. The percentages of bonus used are determined 
by experience, and are set to produce the necessary incentive. 
lhe standard board footage per hour on Fig. 1 is 26. The waste 
bonus shown in Fig. 2 applies specifically to this production, there- 
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fore the percentage bonus allowed for any percentage of waste 
divided by 26 gives a coefficient which if multiplied by any board- 
foot production, gives an excellent differential bonus percentage 
for both production and waste. 

For example: 30 per cent waste on Fig. 1 is allowed 25 per cent 
whence 25/26 


bonus; 0.96 = coefficient for 30 per cent waste and 


the bonus for a production of 30 ft. B. M. hr. =30 0.96 = 28.8 
(29) per cent: for a production of 25 ft. B. M. hr.=25 & 0.96=24 
per cent, ete. 

lig. 4 is then calculated from the coefficients determined on Fig. 1, 


and gives the direct bonus percentage for each combination of waste 
and production within the standard range. 

Inauguration of Planning of Cutting. A complete list of 
dimension sizes, arranged according to woods, thicknesses, lengths, 
widths, and net board footage of each block, with adjacent columns 
showing clear sides and edges required, color requirements and, in 


active 


the case of quartered oak, quartering-figure requirements, should 
be used by the planning department, and the superintendent and 
foreman of the lumber-cutting department in their coérdinated 
efforts to put through economical dimension schedules of each kiln 
load of lumber ordered in. 

The use of the standard cutting lists to make up a dimension- 
cutting schedule is as follows: 


In the layout of the production orders in the planning department 
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Fic. 3 Stx Monrus’ Resvuits oF PLan OvTLINED 
they should be made into groups comprising the same or similar 
dimension stock of sufficient volume to enable the issuance of an 
advantageous manufacturing order. The head of the planning 
department should supervise the listing from these orders of quan- 
tities of dimension block sizes, to fill the orders and make up a 
a week ahead. 

Continuous close touch should be maintained by the planning 
department with the part-stock inventory at all times in order 
that manufacturing orders and part-stock requisitions may be 
supplemented and filled out to an advantageous program in making 
out a dressed dimension-cutting schedule. Additional manufactur- 
ing orders should be issued for enough additional board footage of 
dimension stock in order that there will be balanced economy in the 
cutting, since some catalog units and their parts usually permit 
more advantageous dimensioning than others, and it is desirable 
to equalize the advantage week by week as much as possible for the 
lowest final average. 

Installation of the Wage-Payment Plan. With the proper assort- 
ment of carefully dried lumber available and the cutting orders 
planned for widest possible range of sizes under the order require- 


dressed dimension-cutting schedule for at least 
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ments, the plan is explained to the personnel of the cutting depart- 
ment. During the investigation, records of intake, clearance and 
waste should have been installed. For several weeks a trained 
woodworking engineer should work continuously in the depart- 
ment, instructing and encouraging the workers. 

For each pay period the net clearance of product from the de- 
partment divided by the total number of hours worked by the 
standard crew gives the board-foot-per-hour production. 
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Fic. 4 Bown PERCENTAGES FOR STANDARD RANGE OF WASTE AND 
PRODUCTION 


Net intake less net clearance divided by net intake gives the 
waste percentage. 

Fig. 3 shows the results obtained in six months in the plant at 
which the charts shown in Figs. 1,2 and 4 were used. These figures 
were recorded in 1921, therefore over a year has elapsed since the 
results were obtained. During this past year the standard condi- 
tion of 26 ft. B. M. per hr. and 20 per cent waste has been bettered 
several times. 

Fig. 4 shows the bonus percentage of standard wages, which, 
added to the standard wages, gives the total pay. 


THe Do.uars AND CENTS RESULTS 
Suppose—and these are average conditions—that a plant is 
operating with a clearance of 12 ft. B. M. per man-hour, cutting 
wages of 50 cents an hour, and 45 per cent waste. The application 
of the bonus rate shown in Fig. 4 should result in the following 
saving for each 1,000,000 ft. B. M. of lumber used if the standard 
waste and standard production are attained: 
Labor: 
Original Cost: 
Hourly wages = $0.50 
Hourly production = 12 ft. B. M. 
$0.50/12=$0.042 per ft. B. M. 
Resulting Cost: 
Hourly wages= $0.50 + 65 per cent bonus= $0.83 
Hourly production = 26 ft. B. M. 
$0.83 /26 = $0.032 per ft. B. M. 
Saving per ft. B. M.: 
$0.042 — $0.032 = $0.01 
Saving per Million ft. B. M.: 
1,000,000 X $0.01= $10,000 


Material: 
Original waste = 45 per cent 
Resulting waste = 20 per cent 
Lumber saving = 25 per cent 


Lumber cost 1,000,000 ft. ($70 per M.) = $70,000 

25 per cent of $70,000 = $17,500 
Total Saving Per Million Ft. B. M.: 

$10,000 (labor) + $17,500 (material) = $27,500 

In a plant using 500,000 ft. of lumber a year, the above saving 
will represent an appreciable reduction in manufacturing cost. 
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TESTS OF TYPE W STERLING BOILER AT 
THE CONNORS CREEK POWER HOUSE 


Continued from page 31 


lor floating bank, lb. coal SHOO + 1LOSr 
For dead bank, lb. coal SOOO + LSOx 
where x = number of hours banked. These equations give a 


greater amount of coal for a floating bank than for a dead bank 
for periods of less than four hours; but under actual conditions 
there is practically no difference between the two kinds of banks for 
the first portion of a banking period, so the equations are meant to 
apply only to banking periods in excess of four hours 
General. At the present writing seventeen boilers hay 


heen 


rebaffled according to arrangement ‘B,”’ modified slightly in the 
arrangement of the cross-baffle at the top of the front baffle. The 


vertical baffle has been shortened about six inches and the cross- 
baffle at the top inclined upward at about 35 deg. from the front 
baffle. 


steam temperature has been increased fully 50 deg. fahr 


The results being obtained indicate that the superheated- 


over that 


obtained with the original baffle, and that there is a decided im- 
provement in the overall efficiency. 

A study of the heat absorbed in the different passes of the boiler 
indicated that a rearrangement of tubes would be beneficial Phis 
possibility was studied by the engineers of the Babcock and Wilcox 
Company and The Detroit Edison Company, with the result that 


the new boilers recently installed at the Marysville power houss 


have in cross-section but five tubes between the 


upper center drum 
and each mud drum and ten tubes between each mud drum and 
the upper drum directly above. The boiler is baffled similarly to 
arrangement “B,” except that there are two vertical ifles in 
each rear bank which direct the gases in three vertical passes after 
they leave the superheater pass. Economy results are not yet 
available, but it is believed that a decided deer tack 


gas temperatures will be realized 


DIscUSSION 


Dr. D. S. Jacobus,' 
the paper, as it brought back recollections of a 


said that it gave him great pleasure to discuss 
he had 
made at the Del Ray plant about ten years ago, and of the many 
courtesies and kindnesses extended to him at that time 

His results, Dr. Jacobus said, were consistent with those obtained 
by Mr. Thompson. William Kent, in discussing his paper, had 
pointed out that Dr. Jacobus’ tests gave the highest efficiencies at 
high as well as low rates of driving ever obtained from coal having 
over 25 per cent of volatile matter, and it was indeed gratifying 
to note that the results were substantiated and that Mr. Thompson 
had secured somewhat higher efficiencies than those found in his 
tests. The efficiencies secured by Mr. Thompson at the lower 
ratings with the baffles arranged in the same way as in the Del Ray 
tests were the same as those which Dr. Jacobus had obtained. 
At the higher ratings Mr. Thompson’s results were about 2 per cent 
higher than his, this difference, as shown by the heat balances, 
being due mainly to there having been a lesser loss through the 
carbon in the ashes in Mr. Thompson’s tests. When corrected 
for the differences in the ash pit losses, however, tne resuits agreed 
within one per cent, which was remarkably close when one con- 
sidered the error that might be involved in estimating the condition 
of the fires at the beginning and end of a test with about 15 tons of 
coal on the grates. 

The tests clearly indicated the advantage of changing the baffles. 
In addition to obtaining higher efficiencies the superheat was in- 
creased in the arrangement adopted for use and as a higher superheat 
could be made good use of, this was also an advantage. 

He had visited the plant when Mr. Thompson’s tests were in 
progress and could certify to the fact that they had been conducted 
in a most exact and scientific way. He had held up these tests on 
several occasions as an example of the sort of industrial research 
that should be encouraged by Engineering Foundation and the 
National Research Council, as they were a direct benefit in the prob- 
lem of the conservation of fuel and to the engineer at large. 

1 Advisory engineer, Babcock & Wilcox Co., New York, N. Y. 
Am.Soc.M.E. 
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A Review of Attainment in Mechanical Engineering and Related Fields 


The Torsional Strength of Bars 


By CONSTANTIN WEBER 
Myatt MATICAL treatment of the torsional strength of bars thi lue Ay a r the outer limit line t lue A | é 
. riving a general solution of the problem together with pre- longitu ce acting 1 ( thiol then A kK; 
cise solutions for certain cases and approximate solution for others The ¢ of t bar orig plane ome curved 
The article was briefly summarized inthe November, 1922, issue Phe points o line parallel to t ‘ ire displaced in the 
of MrecHann ISNGINEERING, but so many inquiries as to detail direction \t pont the curved line forms with tl riginal 
| 
have been receive 1 that it | is been decided to publish a more com- po wl ( r ( or 
plete abstract F 
In the middle of the 19th century Saint-Venant developed a gen- ¢ ) 
( 
eral different equation for the torsion of bars: he also found ‘ 
exact sol Ito ra limite adit umber Oo! cross-sections In practice, ’ ' i j Hi l t ingle tors] } 4 
however, bars re el ountered of cross-sections \ istly different from - . a gt ‘ rresyy - ‘ lafion holds good tor p nts 
those treated by Saint-Venant loeppl gave exact solutions for g on the lines orig ) totl /-AaXis 
a certain number of these, in particular for thin-walled rolled shapes . 
composed of long rectangles, but there are still a number of sections L (re 
of considerable interest from a practical point of view which re- 
t ] ; +} rit rr . they lee] + 
’ ] f | it { ing i plecules Stl- 
main uliss ee Phe present articie is an abstract of a researc 
monograph (1 ngsarl Heft 249) published by the Germat \ yA 
Society of Engines It comprises fundamental equations for t oo 
torsiona eng bars, the more important exact and approx 
>< / . 
te solut il l | thie influc nee ol normal stresses i fOT~AM Ke. lx 
' \ a 
the ani re t considerable twists, and the curvature | Jil / fyzt\% 
; \ yp r See ee 
certain ere ( Among other things, several errors in eng Meeesil \ ] Z 
neering hand re pointed ou A gs 
(JENEI SOLUTION 
If a ee ‘ t prismatic bar made of a material whi \xes or Ri I 2] F SHEA 
' | : | . 
isotropic and behaves wcordance with Hooke’s law, and this 
couple its at nght angles to the axis of the bar. the bar becomes 
subject to torsion, the moment of torsion being, say, MW em-kg 
Let now axes of reference jy and z be passed through the body as 
shown in Fig. 1, so that the z-axis coincides with the axis of torsion 
The longitudinal fibers lving in the z-axis remains straight, while 


There are 
therefore shear stresses 7 in the cross-sections of the bar which may 
in the 
Sunultaneously, however, these shear stresses appear 
in the z-direction in longitudinal sections parallel to the y-z 


planes 


all the other fibers assume helical shapes about this axis. 


be resolved into shear stresses 7,, in the y-direction and ry. 
-direction. 
or 


The condition that all the forces acting ona particle in the 


I-ij 


direction should be in equilibrium gives 
Or, OT ys 
+ 0 | 
Or Oy 
This equation is satisfied through 
of 
Oy’ 


O/ 
Or 


Ts 


and 
a j 


1 which are partial derivatives of a function 


K [3] 


lor each value of AK a closed line is obtained on the cross-section 


f (x.y 
nd the resultant shear stress coincides at every point with a tan- 
ent to this line 

e family of lines of shear 


Fig. 2 Equation [3] is therefore the equation of 
Two contiguous lines of stress corresponding to the values of K 
and K + dK delimit the closed strip of variable width dna which 
responds in the body to a tubular lamination (Figs. 3 and 4). 
Since there are no forces acting on the walls of this tubular lami- 
ition it may be separated from the rest of the body. Referring 
Fig. 4, the area ABB,A, of this tubular lamination (of length 
unity) is acted on by a constant longitudinal shear force 
dk [4] 


If we integrate the force dK we shall obtain for the inner shear line 


rdn 


45 
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Fies. 3 anp 4. LONGITUDINAL SHEAR IN A TUBULAR LAMINATION 
Fic. 5 Grapnic REPRESENTATION OF THE MOMENT OF TORSION IN A BAR 


body remain unchanged, the following equation must 
OY; O07 
Oy Or 
d the equation of internal structure, namely, 
OT xs 


Oy 


] rom this m i\ be cle rl 


Ory: _ 
x = 2076 


Ox 


give the differential equation for the family 


(6) 


2 and 


of lines of shear, 


Equations 
O*f O°f = = 

: - 2076 , i@ | 

lor the entire cross-section the equation for the family of lines 
A must satisfy the differential equation [7], must 
always remain within the confines of the given cross-section, and 
for the value K 


of shear f(x,y 


must give the outer limit K,. In addition, 
for the case of a ring-shaped cross-section f (x,y K; must give 
the inside limit line, and the relation— 

S rat 2G6F [S] 


must be satisfied as applying to the shear line surrounding the hole, 
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In this equation dt is the longitudinal differential of the corre- 
sponding lines of shear and F is the enclosed area. The integral 
extends over the closed line of shear. 

The moment is obtained by integrating y7,df + xrr,df over the 
entire cross-section 


M = 2K,F, — 2S JS fdxdy .... . [9] 

If over each point of the cross-section be plotted the heights 

K = f(x, y), the body shown in Fig. 5 will be obtained. The mo- 

ment is represented by double the volume of the funnel-shaped 

depression. In the case of ring-shaped cross-sections a truncated 

funnel is correspondingly obtained, but in both cases the moment 
may be expressed as follows: 


M =2 FdK..... © ay (10] 


Where F is the area within the line of shear corresponding to the 
variable K. 
The general solution of the differential equation [7] is given in 


Zain ! 4 


ee ein  gP' \ 
} 
| ! 











| 
y 


Tr 
y" 
i... 


y 








7 
vw 
™ 





ey 
, 
Ogee le 




















igs 
4 
{ 
5 











Fics.6 AND 7 LINES OF SHEAR AND STRESSES IN A SQUARE CROSS-SECTION 


Fics. 8 AND 9 LINES OF SHEAR AND STRESSES IN A RECTANGULAR CROSS- 
SECTION 


f(x,y) = 2G6 , + = + gaily + ix) + gely — 12) 
and the functions g; and gs must be so selected that the imaginary 
members will disappear. As examples of functions of g:(y + ix) 4 
g2x(y — ix), the author cites the following: 

Rational Algebraic Functions: 

W/o l(y + iz) + (y—iz)]) = y 
2 I(y + ix)? + (y — iz)?] y? — x 
2 [(y + ix)? + (y — iz)®] = y® — 3y2? 
Trigonometric Hyperbolic Functions: 


K [11] 


'/s[cos a (y + ix) + cos a (y — ix)| = cos ay cosh ax 
= cos ax cosh ay 
= sin ay sinh ax 
= sin ax sinh ay 
In Polar Coérdinates: 
gly + ix) + gly — ix) = r” cos ng 
Here n may be any positive or negative number, fractional or 
integral. 


Exact SOLUTIONS FoR SpectaL Cases 

Under this head the author discusses the solutions for a circular 
and elliptical cross-sections, an equilateral-triangle cross-section, 
and a rectangular cross-section. Only this latter will be presented 
here. 

The author considers the case of a bar of rectangular cross-section 
of width a and height h = na(n 2 1). The solution for the family 
of lines of shear is obtained by the use of a series of trigonometric 
hyperbolic terms: 


266 (2 4 2) 4 0¢3(2 - 4 


Vou. 45, No. 1 
. T Y T I 
k= x k l *) l h = : COs hk : 
> r ofl é “1 
+ Git S(-1) 3 
a - 
k 1 ) k cosh nk 
7+ Ci = K 


(k a 
From this the moments and stresses may be calculated. Figs. 6 
to 9 show the lines of shear and the distribution of stresses for a 
square and a rectangle with n 1. The relation between the 
stresses, the moment and the dimensions of the cross-section may be 
expressed by means of auxiliary values ¥;, Ye, ete. by the following 
equations: 
T 7s max Ties ¥G6a 

In long ree- 
tangles with n>4 the stress found close to the ends is zero 


Here Tmax OCCUrs at the middle of the long side 


Txt max = Ya 
(This stress occurs at the middle of the short side) 
VU ny Géa* 
Tmax7h 
V 
ya 
A y 7 max V 
G 
Here A is the work of deformation and’V the volume of the bar 
The songitudinal stress measured from the middle of the cross-see- 
tion of the edge is 
K 1 ¥Gba* 
The values y; to Y» are presented in Table 1. 


TABLE 1 VALUES OI 


n l 1.5 2 3 i 6 8 . 

¥ 0.6753 0.8476 0.9300 0 O8M O 9970 mo aoa90 1 1 1 

v 0.6753 0.7279 0.7395 0.7423 0.7423 0.7425 0.7425 0.7425 0.7425 
¥ 0.1404 O.1947 0. 2286 0.2633 O. 2808S 0. 2082 0 

¥ 1.81 1.33 $.07 3.74 3.55 2 Oo 

. 0.1539 0.1362 0.1318 0.1357 0.1412 0.1491 011 I 2 0 16 
¥ 0.1472 0.2015 0.2277 0.2454 0.2491 0.2500 O 250 ) ) 0 2500 
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Fig. 10 COMPARISON OF THE VALUES OF y¥; AS 
OBTAINED BY THE AUTHOR AND AS GIVEN IN THE Fig. 11 PORSIONAI 
Hutrre ENGINEERIMG HANDBOOK DEFORMATION OF A BAR 


For the most important of these values, namely, ¥;, ¥s and Ws, the 
following approximate equations can be used: 


: 0.65 
1 1 - (error < 0.8 per cent) 
1+ n* 
, l = 0.052 a 
ny 3 = = (n — O 630 + (error < 0.5 per cent 
>) n 
, in a ; , 
np's= 3+ (maximum error, approximately 4 per cent) 
" 


The author plots the values from the above taple in a series of 
curves such as, for example, Fig. 10, and side by side in broken 
lines plots from the Hiitte Handbook (22nd German edition, 
pp. 569-571) the values commonly accepted. It is of interest to 
note how far apart the two are. The values for A in the above 
formula in Hiitte (same edition, pp. 597-598) appear to be likewis 
wrong. 


APPROXIMATE SOLUTIONS 


A series of approximate solutions are given covering variou 
ring-shaped cross-sections, strip-like sections and composite Ser 
tions. In arriving at these solutions the author uses the differ 
ential equation [7] for the famiiy of lines of shear and by tran: 
forming it into one expressed in polar coérdinates he obtains 

Set IM ye nics vn cone abba | 
ds p 
where p is the radius of curvature of the line of shear at a given point, 
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r the stress, and dr/ds the differential of the latter normal to the 
direction of stress. 


DEFORMATION RESULTING FROM TORSION 


Aris of Rotation. As a result of torsion longitudinal fibers of the 
bar assume a helical shape about the axis of rotation. In the case 
of small torsions such as occur ordinarily, the angle of inclination 
8 of the helices (Fig. 
length of bar each of these helices does not noticeably differ from a 


11) to the axis is so small that for a finite 
straight line and therefore each fiber may be considered as an axis of 
rotation. 

In the case of greater rates of torsion the angle 8 of the outer fibers 
is greater and they can no longer be considered as lying in a straight 
line. In 


this case a given longitudinal fiber becomes the axis of 


twist, and a point in the cross-section of the bar the center of 
twist Jecause of their stretch the outer fibers are subjected to 
tensile stresses, and if no force is acting on the bar in the longi- 


fibers in the neighborhood of the 
The center of torsion is at the 
point where no bending moment is produced by the longitudinal 


tudinal direction the 
rotation are under compression 


AXIS Ol 


stresses 


In polysymmetrical sections the center of torsion coin- 


cides with the center of the geometric figure, but this is not the case 


with non-symmetrical or simple symmetrical cross-sections. The 
normal stresses are expressed by 
yea J 
0 . £6 r- — } 
where J, is the polar moment of inertia with reference to the cen- 


ter of rotation, F the area of cross-section of the bar. and r the dis- 





tance trom the center of rotation Phe stresses ¢o. increase as the 
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] or small val- 
ues of 6, 7 is the most important stress and it is only when 6 becomes 
large that o, takes on significance. Figs. 12 and the dis- 
tribution of normal stresses in a long rectangular cross-section and 
In the latter it is clear that the center 
of rotation does not coincide with the center of gravity. From this 
it follows that the statement in the Hiitte Handbook (22nd German 
edition, p. 568), namely, “the center of the are of torsion, i.e., the 
point on the cross-section which is not subject to displacement by 
the moment and in which, therefore, the shear stress is equal to 
zero, is the center of gravity,’ does not apply to all cases. Neither 
does the center of rotation always coincide with the center of 
gravity, nor is the stress 7 at the center of rotation or center of 
gravity equal to zero. 

In the center of rectangular sections with large values of the ratio 
n between the sides, J,™ J, and p~™y. Because of this, 


square of 6, while the stresses rt vary directly as 6. 
13 show 


In & channel cross-section. 


Os max ,) E$*h?; o; min = — 53 E6*h? 

If r = 1000 kg. per sq. em., EF = 2,150 000 kg. per sq. em., and 
G = 83,000 kg. per sq. em., the normal stress y, has to be taken into 
consideration when n > 40 or thereabouts. Through the stress 
go; 1s transmitted the additional moment of torsion M,. In the 
minute area of cross-section df distant r from the center of rotation, 
the force acting thereon is o,df. As the fiber forms at this point 
the angle 8 = dr with the axis of rotation, we have a partial force 
8o,df acting on the plane of the cross-section and creating a mo- 
ment r §o,df. For the entire section the moment is— 
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. | 
V. ff rio.df ae E6'*n‘a° 


ov 


where n is the ratio of the lengths of the sides of the rectangle and a 





the width of the rectangle The moment transmitted by the shear 
stress and the normal stress 1 
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CUR E OF THE CROSS-SECTION 
Because of the presence of the moment of torsion the originally 
plane cross-sections of the bar become curved, only circular and cir- 
cular ring cross-sections remaining plane. In symmetrical cross-sec- 
tions the lines of symmetry remain straight. Thus, Figs. 14 and 
15 show respectively the curvature of a square and of a long rec- 
tangular cross-section. The width lines of this cross-section re- 


main longi- 


Fig. 


at all points approximately at right angles to the 

are here twisted to 

16 shows the curvature of an I-beam cross-section. 
Some of the conclusions at which the 

follows: A homogeneous, elastic prismatic bar is stressed by a 

couple the plane of which is normal to the axis of the bar. This 

leads to a twist of two cross-sections of the bar located at a distance 


tudinal fibers of the bar which helices. 


author arrives are as 


of 1 em apart through a relative angle 6. 
functions 
of and may be expressed by the dimensions of the cross-sections, 


The shear stress rt and the moment of torsion M are 


the modulus of rigidity G and the angle 6 in accordance with the 
formulas given in the November, 1922, MECHANICAL 
I. NGINEERING on pp. 738-739. The functional relation 
Tmax and M depends on the distance for which 6 is measured 


issue of 


between 


The original article gives a table contaming expressions for the 
moment of torsion and stresses in bars of various cross-sections 
twenty in all. This table was published in the November, 1922, 
issue of MECHANICAL ENGINE ERING, pp. 738-739, and is therefore not 
reprinted here. 

Attention is here called to the fact that a correction should be 
made in this table: namely, the last formula in the column “‘Mo- 
ments for ¢ ‘ross-Sections,”’ No. 16, should read 


lio = le — 1.6787 + 1.76ss. 


(Zeitschrift des Vereines deutscher Ingenieure, vol. 66, nos. 31-32, Aug. 
31, 1922, pp. 764-769, 35 figs. and an illustrated table, tpA) 
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Short Abstracts of the Month 








AIR MACHINERY 


SomE ELEMENTS IN ArR Compression, W. Carter. A paper 
chiefly of a practical character discussing the essentials of construc- 
tion of the air compressor and method of using it. Only a few fea- 
tures will be referred to here. 

In discussing the various methods of drive, in particular, belt 
drive on close centers, the author calls attention to a recent develop- 
ment, namely, an arrangement involving the use of a floating idler 
pulley and a very slack belt. The weight of the idler takes up the 
slack of the belt and increases the are of contact on the driving and 
driven pulleys so that the full power is transmitted without any 
undue strain on the bearings or on the belt itself. 

A very modern development is the direct-connected electric- 
driven air compressor with the rotor of a synchronous motor moun- 
ted directed on the compressor shaft. This construction is not appli- 
cable to smaller units than about 700-cu-ft., 100-lb.-pressure com- 
pressors, because the cost for direct connected synchronous motors 
of smal power becomes excessive. On moderate- and large- 
sized machines, however, this design affords the very highest possi- 
ble economy. Recent improvements in air-valve movements 
and in air-cylinder design which permit much higher piston speeds 
than ever before were considered practical, have contributed to the 
success of the direct-connected compressor unit of this design. 
Unless the valve and port areas are very large, the compression 
efficiency is so greatly reduced at the customary speeds as to offset 
the advantages of compactness. The choice of a direct-connected 
motor-driven air compressor should therefore be determined by an 
nvestigation as to whether the compressor had been specially 
designed for this method of drive. (Canadian Railway Club, 
vol. 21, no. 7, Oct., 1922, pp. 19-39, P) 


Mutti-SracGe Fan-Tyre Biower. Description of blowers of 
a new type made by the Syracuse Industrial Gas Co., Syracuse, 
N. Y. As shown in Fig. 1, the blower is essentially composed of 
three machines all located within the same casing. The air or 





Fic. 1 Muvutri-Srace Fan-Type Hicu-Pressure BLOWER 


gas passes from fan to fan, each fan boosting the pressure in the 
same way as if it were a single-stage machine. The machines now 
built give pressures up to 2 lb. in small units. (Forging and Heat 
Treating, vol. 8, no. 10, Oct., 1922, pp. 484-485, 2 figs., d) 


ENGINEERING MATERIALS (See also Special 
Processes) 


Tue INFLUENCE OF PHOospHORUsS ON Brass, A. Portevin. Tests 
were made on two series of brasses with an increasing proportion 
of phosphorus added in the form of phosphor copper containing 
10 per cent of that element. The first series averaged 68 per cent 
copper and the second 58 per cent. Tests were made from both 
series cast in sand and in chills, the latter in the form of round 
brass 13/, in. in diameter. 

From these tests it was found that the mechanical properties 
are not sensibly affected as long as the phosphorus content remains 
below 0.05 per cent. When the proportion of phosphorus exceeds 
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0.5 per cent, a rapid fall in ductility and elongation takes place. 
(From the two tables given in the article it would appear that for 
some reason or other the phosphorus content was varied by big 
jumps. ‘Thus, in one series of sand-cast tests the phosphorus con- 
tent varied from nothing to 0.077 and in the next series from 0.51 
to 1.47, there being nothing to indicate the behavior of the metal 
within the wide range of variation between 0.077 and 0.51.) 

Among other things these tests have clearly demonstrated the 
danger of considering mechanical tests from the point of view of 
a few figures or a few properties only. As the phosphorus content 
is increased the metal becomes brittle, and the great decrease in 
ductility shows how unreliable are the ultimate tensile strength 
and the apparent elastic limit when considered alone. The tests 
have also shown the great differences resulting from the rate of 
cooling, and how useless it is to consider the results furnished by 
test prices that have been cast separately as indicating the quality 
Paper presented to the Naney Congress of the 
Association Technique de Fonderie, abstracted through the Found) 
Trade Journal, vol. 26, no. 323, Oct. 26, 1922, p. S44, « 


of a casting. 


/ 


FORGING 


Power- PLANT Cost or Operatinc Hammers, R. EF. Waldron. 
The variations in steam consumption for a given size of hammer 
depend entirely upon the condition of the hammer relative to its 
state of repair and valve adjustment Another very Important 
item is the condition of the cylinder and piston rings. The main 
valve may be set in such a way that the hammer will operate 
satisfactorily as a tool, but not economically from the point of view 
of steam consumption 

The author gives four curves to show steam consumption per 
hour for hammers from 1000 to S000 Ib., the data being taken 
from various tests. The results vary considerably depending upon 
the condition of the hammers, which makes it impossible to state 
what the actual consumption of any particular size of hammer is 

The author indicates a way for obtaining a basis for the compari- 
son of steam costs for hammers. 

One feature of importance has been brought out by analyzing 
the test results for the four hammers and, that is, that it is more 
expensive per 100 Ib. of falling weight to operate small steam 
hammers than large ones. 

Furthermore, steam consumption, or rather steam costs on a 
hammer, is greatly affected by conditions of operation, and is much 
less in shops working 24 hr. per day than in single-shift shops. 
(Forging and Heat Treating, vol. 8, no. 10, Oct., 1922, pp. 474-476, 
7 figs., t) 


FOUNDRY 

MaGNesium CastinGs, Carl Irresberger. A general discussion 
of magnesium and its alloys, together with practical data on casting 
articles from these metals and on the physical properties of mag- 
nesium castings. 

Iron crucibles with gastight iron covers are recommended for 
melting magnesium and electron metal, these metals, unlike alum- 
inum, having ‘ho tendency to attack iron. On the other hand, mag- 
nesium and its alloys even at comparatively low temperatures be- 
come plastic and from that point on manifest an increasirfg tendency 
to absorb gases of all kinds, which makes a reliable gastight cover 
on the crucible a basic condition of success in melting. Graphite 
crucibles should not be used, as magnesium absorbs from them 
considerable amounts of silicon. 

Molds for magnesium castings may be made in sand, but satis- 
factory results have also beeen obtained with permanent iron molds 
In order to avoid the danger of explosions, the molds should be thor- 
oughly dried, say, at a temperature of 450 deg. cent. (842 deg. fahr.), 
at which temperature the chemically combined water in the clayey 
parts of the sand is driven out. Plenty of risers of generous pro 
portions should be provided. 

Extreme care should be taken not to leave any moisture in the 
mold. At high temperatures magnesium forms with water or wate! 
vapor white magnesium oxide and hydrogen, and the latter, togethet 
with air, forms a highly explosive mixture which is easily ‘gnited by 
contact with the hot metal. 
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The article discusses magnesium foundry methods in considerable 
detail. 
colors on the outside, which depend apparently on the temperature 
If the metal 
was poured at a correct, not excessively high, temperature in per- 
feetly dry 


It would appear that magnesium castings may show various 
of pouring and the degree of drvness of the mold 
molds, the exterior skin of the casting should be of a 


sily ery color 
be of 


If poured at an excessively high temperature it will 
a bluish iridescent color, probably because of absorption of 
from the sand If the pouring 
right and the mold was not perfectly dry, a dirty grayish color will be 


some silicon temperature ol was 
shown, but in any event a brilliant silvery white may be imparted 


to the casting by pickling it in nitric acid of density 180 deg 
Baumé, free from chlorine 

For castings magnesium is chiefly used in the form of electron 
metal which contains from 90 to 99 per cent of magnesium and from 
10 to 1 per cent of a metal such as a'uminum, zinc, magnesium ot 
cadmium much 


used in particular where lightness of the part is 


They machine better than aluminum and ar 


i material considera- 


tion Magnesium alloys have been used for perforated plates in 


textile machinery where the plate has to ¢ thousands of fine 


arry 


i 
holes and where the slightest imperfection in the casting would make 


Phe 


Magnesium allovs have been also 
} 


| ; . 
proved te he periectly satistactory 


used for sp ndles 


the product worthless 


tor this purpose 


one advanta e being that owing to their lower! welght As compared 


with iron they can be brought to speed in one third the time requ red 
for the latter (riesseret Zeitung. vol. 19. no. 41. Oct. 17, 1922 
pp. 500-602 
GAS PRODUCERS 

TH Tr AT (aA Pro a | 1) yu 


producer invented by F. H. Treat 


nechanisms which perform automatically various functi 
+] f | r : " 
ion to the fuel bed | ] a mec! 


pro ided 
and distributing the fuel in 


inism Is 


the fuel bed and for feeding 


amber The machine to do this is located in the central cir- 
ilar opening of the produéer top and is arranged to revolve bodil) 
it a slow rate in a horizontal direction. The action for feeding 
nd distributing the fuel and the agitation of the fuel bed function 


n unison with the rotary mo 

The 
within the produ er chamber so that the pair of agitator fingers ol 
the lower ends penetrate the fuel bed 


ement 

machine has a number of agitator bars extending vertically 
By turning adjusting screws 
raised and lowered at the will of the at- 
provided. The blast is sup- 
plied through eight independe ntly controlled steam-yjet blowers of 


he agitator bars may be 
tendant Fuel feeding devices are 
pecial design which are disposed uniformly around the outside of 
the producer. To each blower is connected an independent tuyere 
pipe which is arranged to extend through the tapering lower portion 
the producer body and into the ash zone The ashes are dis- 
harged through a water seal over the edge of the ashpan and a 
raper device is employed which is designed to act against the in- 
erior surface of the ashpan. 
The original article describes the various mechanisms in detail 
id illustrates some of them. No data of tests or performances 
practice are given. (Jron Trade Review, vol. 71, no. 20, Nov. 16, 
1922, pp. 1351-1354, 3 figs., d) 


MARINE ENGINEERING 
Wind-Propeller Drive for Boats 


Drivinc 4 Boat aGainst THE WIND BY AN Atr Moror. De- 
scription of the experiments of Constantin Joessel and Daloz on 
driving a 6-ton fishing vessel by wind force in any direction, i.e., 
with or against the wind. It is obvious that this could not be done 
by means of sails in which the pressure is always normal to the sail 
and a motor of the windmill type had to be used. In this motor, 
Which is of the variable-propeller type, it is necessary on one hand 
to consider the pressure exerted by the wind on the system in mo- 

, and on the other the energy of rotation obtained on the axis 
by the movement of the blades, this energy being transmissible to 
& suitable propeller. The water propeller like the air propeller 
gives an axial thrust which is a function of the energy of rotation 
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that it receives. In order, therefore, to drive a boat it becomes 
necessary to create conditions under which the axial thrust of the 
water propeller will be greater than the component along the axis 
of the ship of the axial thrust due to the e! nt of the a 
propeller. If the axial thrust of the water screw be greater than 
the total axial thrust of the air propeller, the boat will be able to 
move against the wind 

Calculations and tests made on a small ipparatus with tal is 
the source of the wind have shown that the problem was capable 
of solution provided the serews have suitable dimensions and are 
connected in such a manner as to produce a suitable speed rati 

\s a first step it was necessary to determine the number of blad 
in the air propeller that would give the best efficie: N 1 
test ive show! it the two-blade propeller is th 

In the insta on the LeBois-Rose fishing ol f 
capacity, the air propeller is 9 meters in diameter and 
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laminated wood 


t-blade type, made 


are made o The water propell r, is of the 
Both 
In order to save 
expense in installation there is no speed-gear change between the 


f bronze, and 1.05 meters in diameter. 
the air and water propellers are of variable pitch. 


air and water propeller, such as was used in preliminary tests. 
This lowers the efficiency of the boat, but it is still perfectly able 
to run into the wind or across It. 

The shifting of the air propeller, which must always be in a 
position normal to the wind, is effected by means of a worm gear 
which the pilot can operate simultaneously with the steering gear. 
It would be possible, however, to make the air propeller take its 
position automatically. In the experimental vessel serious diffi- 
culties arose due to the fact that the weight of the superstructure 
proved to be quite great and that the reaction of the wind on the 
propeller located at the top of the tower serving as a mast gave 
rise to a couple of considerable magnitude. It is claimed, how- 
ever, that with suitable devices provided to take care of this situ- 
ation, the boat has proved to be highly maneuverable, and with 
one man on board has been able to navigate successfully a crowded 
part of the River Seine between Sévres and Saint-Cloud. The 
general appearance of the boat may be judged from Fig. 2. No 
data of the actual speeds attained with the various wind velocities 
are given. (Paper before the French Academy of Sciences, read 
Oct. 23. Abstracted through Le Génie Civil, vol. 81, no. 19, Nov. 
16, 1922, pp. 421-422, 1 fig., dA) 
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MACHINE DESIGN AND PARTS 


Gear Noises and Their Causes—Apparatus for Detecting Errors 
in Gears 


Some Causes or GEAR-TootTH Errors AND THEIR DETECTION, 
K. L. Herrmann. The author analyzes the different gear noises 
and their causes and comes to the conclusion that production var- 
iables have a much greater influence on gear sounds than the chang- 
ing pressure angles used or tooth-form detail. 

The first of the gear noises discussed by the writer is a knock that 
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Tooth Number 


Fic. 3 UsED FOR CHECKING TOOTH SPACING AND 


CHART SHOWING THE RESULTS OBTAINED 


Devic! UNDERNEATH) A 
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in. from tooth to tooth. With eight successive teeth each gaining 
0.001 in. on the side of the gear and a similar number of teeth that 
may be loosing 0.001 in., a total error of 0.016 in. might be imparted 
to the driven gear. 

Fig. 3 illustrates a very simple device that has been used for 
checking tooth spacing. The gears are mounted on a bushing and 
one tooth comes against a stop. A dial indicator is arranged so as 
to be in contact with some tooth one-fourth, one-third, or one- 
half way around the gear. When the dial indicator is set at zero, 
with the tooth against the top at any one point, the distances be- 
tween the two points can be measured and, if the gear be correct 
for indexing, placing any of the two teeth in the gear in similar 
positions should not cause the dial indicator to vary, especially 
if the gear runs true. 

When the gear is first put on the indicating apparatus, the dial 
indicator is set at zero. A mark is then put at zero on the chart in 
Fig. 3. for tooth No. 1. The next step is to index the gear around 
to one tooth. Any reading obtained is marked above the tooth 
in vertical line. The gear is next indexed around to tooth No. 3 
and the dial indicator reading is marked opposite the number of 
thousandths of an inch that it may show. The gear is then indexed to 
teeth Nos. 5, 6, ete., until all the teeth on the gear have been indexed. 

For the purpose of record, we now have a chart showing the ac- 
cumulated variables. It will be seen from Fig. 3 that at no point 
is the spacing variable as great as 0.001 in. between any two teeth, 
but it can be in error a total of 0.008 in. or more when the error 
between the several teeth has accumulated. A better visual demon- 
stration of this condition occurring in gears is made by means of a 
gear-tooth-form projector. When a gear-tooth form is projected 
upon a screen by this device, it will be noted that the magnification 
of the shadow is 100 to 1, and that for every inch on the screen there 
is at least a 0.001-in. error somewhere in the gear. The shadow on 
the screen also shows the variation in uniform movement of the 
driven gear due to an error of this kind; that is, the driven gear, 
instead of having its tooth in the position of the outline on the 
screen, has been forced to advance a number of thousandths of an 
inch. It will be noticed, further, that this advance and retardation 
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INSTRUMENT FOR OBTAINING AN ANALYSIS OF TooTtH-FormMs PropuciInG Noise 
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AND A CHART SHOWING THE 


OUTLINE OF A PARTICULAR TOOTH 


might be caused by a nicked tooth or a single tooth of a pair of 
running gears that are in mesh. The same result may be produced 
by inaccurate conditions in the gears. For example, should the 
tooth spacing in a transmission drive pinion be such that the driven 
gear instead of rotating at a uniform speed is forced to increase or 
decrease its speed at every revolution of the pinion, there will be a 
noise. To avoid this it is not sufficient to check gears for spacing 
error from tooth to tooth. It is very desirable to check the ac- 
cumulated error of a number of teeth because a gear may vary 0.001 


does not occur uniformly; that is, the advance may be confined to 
very small number of teeth, remain there for a certain length « 
time, and then be retarded slowly. A gear in this condition wi 
give a rattle very similar to that which might be produced by ur 
equal spacing. This condition can be studied best by charting it 
described. 

In addition to the two gears having a rather irregular acti: 
between themselves, their increasing and decreasing movement is 
carried on to the countershaft and the idler which often have similar 
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defects in themselves. Accumulating errors in gears often cause 
the fourth gear in a train to be as much as 0.025 in. away from its 
correct position The countershaft then does not rotate smoothly 
and the gear at the other end of the countershaft in addition to the 
variable movement given it by the errors in the first two gears im- 
parts its error to the gear meshing with it. 

Fig. 4 shows an instrument developed by the author for the 
purpose 
It consists of a dial indicator mounted on a guided slide. 


of analyzing tooth forms producing the various sounds 
The gear 
is placed in a definite position with respect to the indicator, when 
the operator starts at the point of the tooth and sets the indicator 
at zero. The slide is then moved toward the gear 0.010 in. and the 
indicator reading marked on the chart shown in the lower portion of 
Fig. 4. The slide is then moved 0.010 in. more, the reading is 
marked again, and this is continued until the bottom of the tooth is 
reached. By taking the gear that has just been charted off the 
bushing and placing another gear in its place, other tooth forms 
will be compared with the first 

The causes of the errors in gears referred to are various, some of 
them occurring in hardening, some of the cutting machines, and some 
in the cutters To show this the author discusses the case of the 
hobbing machine and its possibilities for error, and also gives charts 
showing the conditions of the gear before and after hardening 
From this it would appear that at times the hardening errors com- 
pensate for the cutting errors, while at other times the hardening 
errors cumulatively add themselves to the cutting errors. (Journal 
11, no. 5, Nov., 1922 
Industries, vol 


of the sociely of Awutomotine Engineers, vol 
pp. 30] 307, ] } figs , eA Abstract In A utomotive 
47, no. 18, Nov. 2, 1922, pp. 869-873, 14 figs 


MACHINE DESIGN 
Epicyclic Gears and Gear-Ratio Diagram 


keprcyctic GEARS: THE GEAR-Ratio Dracram, P. Cormack \ 


diagram intended to be used for computing speed ratios of a1 


epicvelic gear set. It is said that 





] | 
this diagram gives complet 
generality to the solution 
of problems on whéel trains ae a 
;" . « 6 w ‘ q f 
and shows the properties ol 
r ys hey tpacul « jevell- x. 
train whet Used opi yeh I 5 Cormack Gear-Ra DD AM 
cally. The diagram may 
also be applied to rotational 
accelerations. P 
rwe 


Gear-Ratio Diagram If 
the 


pa, po, pe, 
ooops PEAS line, lig 5. be 
proportional to the 
of the wheels A, B, C, 
..., YQ, of a wheel train 
when P is fixed, then the 
segments g a,qgb,qe 


segments 


speeds 





q p, are proportional to the 
speeds of the wheels A, B, 
C,..., P, when Q is fixed. 
A formal proof of this pro- 
position may be obtained by 











os 45 -* i 
. . oe . ee ae > 
considering the fixing of Q \ gy ye care 
as being due to the impart- =— 
ing to the whole train of a Fic. 6 Forp Epicycuic Gear AND 


motion equal and opposite Gear-Ratio DiaGram 
to that by Q. 

Thus, let a rotation g p be added to the rotation pa, pb, pe 
»q, of A, B,C,...Q, and P. 


pe ISSECSSE “] 


The resultants are 


fotation of A = 


qprpa qa 
totation of B = PQ+?p 5b = q b 
Rotation of C qGp+pe=qe 
Rotation of Q qp+pq=0 
Rotation of P qpt+G=qp 


Hence the proof. 

Application to Epicyclic Gear Set. As an example the author 
shows how the gear ratios of the Ford motor-car transmission gear 
are exhibited by the diagram. This gear is shown in Fig. 6. The 
‘ngine flywheel P carries the axle of the planet group ABC. B 
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meshes with #, the propeller shaft; A meshes with F, which is 
fixed for the slow speed; and C meshes with D, which is fixed for 
the reverse. Taking P to be fixed, if A make one turn, so will B 
and (, since they are keyedto A. One turn of 21 turns 


1 gives —33 


of F; one turn of B gives —1 turn of FE; one turn of C gives —24/30 
turns of D. To construct the gear-rati® diagram. therefore, draw 
pa=pb=pce=1; pf 33/21 or —11/7; ps 1; pd 
24,30 or $5 We can now read off the low-gear ratio of the 
propeller E to the flywheel P, when F is fixed. Itisfe fp. Since 


f ¢ 11/7 | 1/7, 
becomes i 1) 

With D fixed reverse gear, we have the 
the flywheel P and the propeller shaft EF proportion il tod j 
The lines d e and d p being in opposite directions show that E and P 
revolve in Numerically d ¢ 1— 4/5 or 1/5 
15. The reverse gear ratio d e/d pis therefore 1/4 
Angular Acceleration 


and f p 11/7, the 


low-gear ratio f ef p 


is it is for the 


opposite senses, 
while d p 
Corresponding to the proposition of the 
second paragraph of this abstract for rotational velocities. we have 
the analogous proposition for rotational accelerations, a statement 
“angular 
“speed,” “rotation,” and 
Engineering, vol. 114, no. 2965, Oct. 


and proof of which is given in the second paragraph, if 
acceleration” be written for the words 
occurring therein 


27, 1922, p. 511, tp 


“motion” 


MACHINE SHOP (See also Machine Design and Parts; 
Measuring and Testing 


PROCESSING SPLINI 
In this method a di 


that 


SHAFTS BY 


4 New Meruop, James A 


Is constructed ice 


Ford 
principles 
ipply to the automatic threading dies now in general usage, 


rding to the sam 


the cutters being in the position that the die chasers ordinarily 
would occupy. The cam ring is practically of the same construc- 
tion as that used on a threading die, except that the ring is made 
stronger. This opening featur necessary on account of having 
to pas he shaft back through the die. because the body of the shaft 
beyond the splines is larger than the body portion between the 
splines, and the shaft will not pas ipletely through the di 
lhe shaft is entered into a ng that is lined up with the di 

Then the shaft 1 yressed throug! die to a stop that has beer 
set at a sufhicier al in to perm shaft to pass through to 
the shaft neck at nd of the splines. The cutters in the die 
ire then released and the shaft is removed 


During the experiments with this die it ascertained that a 


oU min und it 


s of the shaft through the die gave the most 


was 


clearance ingle on the cutter of was about correct, 


was decided that one pa 
satisfactory result 

It is stated also that a method has been found to straighten the 
shafts to within 0.005 in. per ft. of being out of parallel with the 
true axis of the shaft. It is not stated how this was done Journal 
of the Society of Automotive Engineers, vol. 11, no. 5, Nov., 1922, pp. 
133-434, 4 figs., d 

MANUFACTURING DisTANCE PIECEs. 
processes and equipm« nt. 


Description of machining 
The piece is produced in four operations. 


First, the tube is cut to length in a press, next both ends are surface- 


ground in a surface grinder, then the hole is pierced in a press, and 
lastly the bore is ground in an internal grinder. 

As to the first operation, namely, cutting the tube to length, the 
difficulty of preventing distortion under the shearing action must 
be overcome. This was accomplished by a device described in 
the original article in which the tubular stock is sheared. 

The grinding of the ends of the tube, which is the second oper- 
ation, is carried out in a surface grinder on a magnetic chuck. For 
the third operation a simple semi-automatic fixture described and 
illustrated in the original article is used. 

Grinding the bore is the final operation, and in view of the fact 
that the internal dimensions are held to close limits, grinding is 
essential as it rectifies a slight distortion which may have taken 
place during the punching of the hole, and in addition removes 
burrs. This operation must be carried out carefully, as precaution 
must be taken to avoid the use of clamping devices that would 
cause distortion. For this purpose a special fixture has been de- 
signed, which is described and illustrated in the original article 
(In this connection it may be noted that the fixture for internal 
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grinding is referred to as Fig. 4 in the text of the original article. 
It is really Fig. 3.) (Engineering Production, vol. 5, no. 109, Nov. 
2, 1922, pp. 411 $13, 3 figs., d) 


MEASURING AND TESTING 


Sound-Testing Devices—Testing Machinery by Sound 


Detection, LOCATION AND COMPARISON OF SounpD, C. E. Noél- 
Storr. For a long time there has been an effort to build testing 
devices that would make it possible to determine and, in particular, 
loeate irregularities in operation of machinery by the sound emitted. 

The author developed his initial apparatus in order to locate 
mechanical defects in a series of very large engines which did not run 
quite right. To do this he devised an instrument with two ear 
pieces and flexible connections to the reproducer. While the de- 
vice was crude and far from efficient, the difficulty in the engines 
was traced with very little trouble arid with perfect comfort. 
Later on another problem arose in connection with small gear 
boxes which contained a double-reduction spur gear mounted on 
ball bearings. Some of these boxes failed to pass inspection on 
the ground of excessive noise. <A difficulty also arose on account of 
the irregularity of the rejections, since batches considered noisy by 
the test room would perfectly pass, while nominally silent batches 
failed to do so, due, of course, to the entire lack of any definite 
standard of reference for either the inspector or the works staff. 
It therefore became desirable to find a way of measuring the sound 
of the boxes. 

The construction of instruments for the detection and location 
of sound is complicated by the fact that in connection with me- 
work there two distinct purposes for which 
instruments may be applied, namely, the detection of internal or 
mechanical sound and external or atmospheric sound. 


chanical are such 
For exam- 
ple, in examination of the running condition of the balls in a journal 
bearing the internal sound only is of interest and not any external 
noise the bearing may make. On the other hand, in many forms 
of construction it is desired to reduce the external noise to a mini- 
mum and it is quite possible that a test of the internal sound may 
lead in such cases to a totally incorrect conclusion. 

To deal with the two different aspects of the matter there are 
two different types of reproducer. In the first place, there is the 
tectoscope, which is arranged with a test rod and reproduces only 
the internal sound of the bar with which the rod is in contact. 
The tectophone, on the other hand, is arranged with a conical 
mouth and reproduces the external sound when the mouthpiece 
is held close to any object. 

It will be noted at once that one instrument serves to check the 
results obtained with the other. For example, the contact breaker 
of a magneto will show a considerable blow from the rocker arm 
when tested with the tectoscope, but except on a few very silent 
engines the blow will not be heard externally when tested with the 
tectophone. In other words, the first instrument will indicate 
that there is a distinct mechanical blow taking place, and the 
second test will show that in the matter of improving the general 
silence of operation this blow is of small moment. 

The foregoing example serves to show that the clear reproduc- 
tion of even minute internal noises should enable worn or faulty 
parts to be located quite easily, while it also brings forward the 
use of the second type of instrument for checking the amount of 
external noise arising from a given internal source. Thus parts 
which may give rise to external noises may be traced, although it is 
more than likely that in some cases the internal cause is of small 
magnitude. 

There are other general applications of the tectophone; for 
example, there may be two universal joints on a common shaft, 
and either or both may be dry and noisy. In some cases of this 
nature the tectoscope applied to the nearest bearing on the shaft 
might fail to give a clear indication on account of the noise of the 
bearing, but if the tectophone is held quite close to each joint in 
turn the squeak can be instantly located. The above instance 
applies to many similar problems and includes the tracing of gas, 
compressed air, and similar leaks from pipes and plant in general, 
the flow of a liquid in the pipe being indicated quite distinctly 
by the tectoscope. 

The author gives descriptions of ways to proceed in testing the 
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operation of various parts of an automobile engine, selected here 
as an example, by means of his apparatus. Sounds picked up by 
this apparatus may be compared either with each other or with 
a standard which is to be taken as a fixed quantity. For general 
shop tests a pair of reproducers are used connected to the head 
frame. If, for example, the left-hand reproducer is placed in con- 
tact with No. 1 evlinder, the sound emanating therefrom will be 
the only sound audible to the operator. On placing the right-hand 
reproducer in contact with No. 3, however, the relative “slap” 
of the two cylinders can be instantly compared, this being preferable 
to an attempt to remember the relative intensity of No. 1 
making a mental comparison after testing No. 3 

It should also be noted that when required the method enables the 
internal sound to be compared with the external; and as 
forms of construction the section or shape of the casing may cause, 
say, four tappets and cams which are all of equal intensity inter- 
nally to give very different external effects, the combined test should 
enable any confusion to be avoided as to the actual cause of the 
defect. In fact, it should be of considerable assistance in the 
industry for purposes as widely different as the choice of suitable 
material for the exhaust pipe and the design of 


and 


In some 


a gear-box lid 

Other applications of the use of this apparatus are described, 
from which it would appear that by these means a considerable 
amount of information can be obtained at a small expense in time 
lor example, many sources of trouble in closed bodies can be 
easily obviated with the aid of the tectophone which will trace 
body squeaks, panel drumming, and the periodie drumming of 


wings and undershields under actual running conditions on the 


road. (Paper presented to the Coventry Branch of the I stitu- 
tion of Production Engineers, Nov. 7, 1922, abstracted through 
Engineering Production, vol. 5, no. 110, Nov. 9, 1922, pp. 439-443, 


9 figs., dA 
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Power-Station Design 


See also Forging 


POWER-STATION Desian, C. W. I. Clarke, Mem. Am.Soc.M.1 
Apart from market conditions for the sale of electrical en rev, the 
author considers as the controlling factor in the selection of a power- 


station site the existence of an adequate supply of water for condens- 
ing purposes at all times, and from this point of view thinks that the 
so-called ‘*mine-mouth” 
only very few locations 


power plants would be of advantage in 

The paper discusses the various features of design in considerable 
detail. Only a few points, however, can be reported here. The 
use of double stokers, that is, two stokers placed face to face, is 
seldom of advantage and the author considers it as justified only in 
cases where the boiler heating surface per square foot of floor area 
is very great, or when it is expected to operate boilers at very high 
ratings. 

The use of pulverized fuel has only just passed -he experimental 
stage, but there is little doubt that this system will be used in 
many of the plants built in the future, especially where only low- 
grade fuels are available. It has many advantages in efficiency and 
operating simplicity, but the additional cost of the system may 
militate against its wider adoption. Oil is the ideal fuel for use 
under boilers, but with the present relative costs of coal and oil it 
cannot be used economically for power-station work except in 
certain localities. 

The installation of economizers, with fuel costs at their present 
level, is of doubtful advantage. 

When increased building, economizer, induced-draft, fan, piping, 
maintenance, and operating costs are considered it will usually be 
found that an increase in the height of the boiler will result in a 
greater operating efficiency, considered financially, than if econo- 
mizers are used. The curve in Fig. 7 shows a comparison between 
the efficiencies of a 15-high boiler with 64 per cent economizer and a 
20-high boiler with no economizer. Every case should be considered 
in the light of its own peculiar conditions, but this curve is illustra- 
tive of the general trend. 

Surface condensers are usually to be preferred to jet condensers 
because the pure condensate is available for boiler-feed purposes, 
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If there 
is a supply of good boiler feedwater available, which is rarely the 


making elaborate systems for water treatment unnecessary. 
case, a jet condenser is about as economical financially as a surface 
condenser. All surface condensers should be provided with some 
sort of screen to remove leaves and other matter from the condensing 
For this purpose 
The water velocity through the free opening of screens 


wate! a traveling screen is the only suitable 


apparatus 


should not exceed 2 ft. per sec., unless such a velocity requires 
extraordinarily large screens 
The only method left for improving the overall efficiency of a 


power station Is through the svstem of heat conservation which go¢ 


Boiler design 


nt bevond which little can be expected ] 


under the general title of the 


has reached a po 


heat-balance system.” 
urbine 
generating equipment gives us efficiencies about as high as we car 


at utilization in the station as efficient as possible \t 
| 


Dest, the re is onlv a little over 30 per ct nt of the ene rey put Into the 


look for We are then faced with the proposition of making the 


system of he 


steam by the boiler which is available for conversion into power 
The problem is how to approach as closely as possible to converting 
all this energy 


into power. This can be accomplished only by re- 


taining in the station heat eycle as much as possible of the latent heat 
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of the steam which ordinarily is transferred to the condensing 


water A heat-balance system has this object in view 

There are four general methods of heat balance and the author 
them in detail lor considers the 
following as the best system: House turbine, alternating current 
or direct current and electric drive for all but enough of the auxil- 
laries to keep the station running in case ol accident to the house 
turbine and main generator. 


discusses large stations he 


Among other things, the article contains an interesting table giv- 
ng piping and fitting schedules, as well 
idapted for use in power-station work. 


as pipe materials best 
(Proceedings of the Engi- 
4, May, 1922, 
27, 1 fig. and 1 table, and discussion, pp. 128-167, 10 figs., 


neers’ Society of Western Pe nnsylvania, vol. 38, no 
pp. 109 


Slag on Boiler Tubes 


FORMATION OF SLAG ON BorLer Tubes, Harry H. Bates. The 
ithor claims that slag formation on boiler tubes and walls is essen- 
ully governed by the same rules as apply to clinker formation, and 
ints out that in slag the iron must be kept in the ferric state, which 
practically infusible. This can only be done by completely oxidiz- 

g the sulphur and iron before the tubes are reached. 

All types of stokers have difficulty with slag formation and it is 

lieved that slag particles are carried up with the draft in such 
ininute form that they can be transported by the low-velocity gas as 
well as by the gas that rises rapidly. 

An examination of the slag under the microscope revealed small 
spherical globules, substantiating the belief that the particularly 
troublesome particles were the small ones. 
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When these.small particles come in contact with the free oxygen 
in the furnace gas for a sufficient time to oxidize them completely, 
they will be transformed into their completely oxidized state and 

If they 


be come solid be lore touching the tube sor W ill 
carried through the 


solidify 


they are boiler as solid as} On the other 





hand, no free oxygen is obtained through the fuel bed. ] . 
event the particies remain in a molten condition, o1 count 
their low fusing temperature in their their -ous state nd are 
deposited on the tubes and walls where thev may either be cor pletely 
xidized ind solidified or be ¢o ered by ICCeSS ‘ oating Ol 

‘ plastic material 

lr} ( er is true to a large extent is show 

! itre ial covert reddish brow rp! é 
coating. This reddish coating is largely ferrie material and it pre- 
ents the of the dark ferrous material within by ex- 
cluding the oxvgen from it \ considerable portion of the material 
on the ite? ! ecially « the tubes, is of a friable nd! 
usible character, and it is of a completely oxidized nature 

The author ealls attention to various efforts made for producing 
complete combustion in large furnaces, but points out that even if 
some efficient means |} d eloped lor mixing the us and e@eXCess 
air together. it is ver iestionable whether the slag difficulty will 
be entirely overcome It is to be remembered that in addition 
to the problem of suppl ving and mixing the oxvgen and combustible 
gases. time required for the ious chemical reactions to take 
place 

There is but little chance for thoroug! ly mixing all gases in the 
combustion chamber « the rapid rate with which the gases ascend 
prevents a thorough mixing. s it stratification of the gases 
result 

Tr pre thy } ¢ ¢ itt ( ilvses o SaAmpies iken 
rom the firet-nace ha ffi rm g in ed itel) l l I 
Tir T Y \ T T 

hese readings show xc ot tr 10.0 

er cent along he w S Won tri entel! Ire CS 
here w n insuffier pen ive I the ventilated walls 
to take care of the wid race s also noted that there w is 
consid rable excess Alt ilong the 

Numerous samples of coal ash and slag were analyzed and it was 


urnace walls ran much higher in 


did the 


found that the slag or ferrous 


cent. tl slag on the tube Ss In consequence 


iron, by per 
of this the slag on the walls was much freer from the coarse, friable, 
material than was the material on the tubes. 


Numerous theories were advanced during this investigation as 


infusible 
to the causes of slag formation on the tubes. Chief among these was 
the condensation of tarrv vapors on the tubes, to which the flying 
particles could adhere and solidify. 

Whether condensation of tar can actually occur is, however, sub- 
ject to doubt in view of the facts pointed out by the author. 

In the large number of tests made it was indicated that the slag 
deposit on the tubes was nearly proportional to the total amount 
The amount 
of slag was affected by the temperatures in the furnace, however, ‘or 
the hotter fires kept the slag in a more viscous state, which greatly 
increased the tendency for cinders and particles of ash to adhere. 


of gas, and was not greatly affected by the rating. 


In trying to prevent slag accumulation three methods were 
considered 
was tried, but no decrease was noticed in the formation of slag on the 
Another method now being tried is that of intimately 
mixing air with the gases. The original boilers were set about 13 
ft. from the grates It was thought that by increasing the dis- 
tance between the grates and boiler tubes the gases would have 
Also, since the total time of 
travel of the furnace gas is dependent upon the velocity and distance 


Among these the injection of steam into the air supply 


tubes. 


more opportunity to mix thoroughly. 


of gas travel, more time would be allowed for complete oxidation of 


the small particles. Consequently a boiler was set up 6 ft. higher 
than those originally installed. 

Assuming that the rapidity with which the gas rises from the fuel 
bed is uniform, it is calculated that its velocity was about 18 ft. 
per sec. This is the lowest possible velocity that can be expected. 
The direction of gas travel is from the grate direct to the baffle 


opening, which was proportioned as 46 per cent of the grate surface. 
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Necessarily the velocity was twice as high under the baffle as it 
was leaving the fuel bed. 

On this basis the time it took for particles to reach the tubes 
with the original installation would be 0.72 sec. This is very little 
time for oxidization to take place, unless it is of an explosive char- 
acter. Further, by raising the boiler to 19 ft. this same time would 
be 1.05 see., which is still a very short period. 

This arrangement has not shown any great improvement in slag 
prevention and has the disadvantage of exposing more brickwork 
to high temperatures and to draft, with resulting greater infiltration 
of air through the setting. 

Furnace construction undoubtedly has much to do with the ex- 
ternal incrustation of the tubes with slag. The ratio of the ex- 
posed tube surface to the grate area was 1 to 1. This is very low 
and the lower the ratio, under set conditions of fuel and fuel bed, 
the higher will be the furnace temperature. It is apparent that the 
higher the furnace temperature, the greater will be the tendency 
for the ash to fuse and stick. 

It has become common practice now to have the ratio of exposed 
tube surface to grate surface as high as 1.87 to 1, and it is seldom 
less than 1.2 to 1. By increasing this ratio the amount of heat 
radiated up and absorbed is very materially increased, with a con- 
sequent reduction in furnace temperature. This last item, namely, 
furnace construction, is a step in the right direction. 

It is extremely fortunate that only a comparatively few coals 
give slag trouble to a serious degree. A great many coals have fus- 
ing temperatures so high that they give no trouble with ordinary 
furnace temperatures. Another class of coals have low fusing 
temperatures, but do not seem to have the tendency to be lifted 
from the fuel bed. But when a coal gives serious slag trouble, 
with the present knowledge of the art of burning coal, means must 
be provided for its mechanical removal. This, however, is not as 
serious a matter as it appears, for soot blowing in boiler plants is 
now recognized as a necessity, and apparatus for soot removal is 
now installed as regular boiler equipment. (Power Plant Engineer- 
ing, vol. 26, no. 22, Nov. 15, 1922, pp. 1094-1098, 7 figs., eA) 


Electric Steam Generators 

ELectric STEAM GENERATOR, E. M. Horstkotte. Description 
of an electric steam generator designed by the General Electric 
Co. It is stated that it requires power at the approximate rate of | 
kw-hr. for every 3 lb. of steam generated. The complete equipment 
consists of the shell with supporting feet, the electrodes, insulators, 
steam and water gages, safety valve, circulating pump and motor, and 
a panel on which is mounted the control equipment. The electrodes 
are of round iron and the electrical operation resembles somewhat 
that of a three-phase are furnace. 

Normally, the electrodes are submerged in the water, and the 
three-phase current passes through the water to the sides of the 
tank and to the neutral of the system, also 
to electrode. The steam is generated by current flowing 
through the water, which is of high resistance. The mechanical 
circulation of the water has been described, but some of the opera- 
ting features arising from it are of sufficient interest to merit 
further consideration. One result is that the temperature of all the 
water in the system is practically uniform. If the steam pressure 
lowers owing to an increased demand, rapid steam generation, due 
to the high temperature of the water and the degree to which the 
electrodes are submerged, quickly brings the pressure up again. 

Another operating feature is that since the water level is main- 
tained by the adjustment of the throttle of the circulating pump, 
the energy consumption of the generator is not dependent on the 
operation of the feedwater pump. The supply of water in the 
hotwell is regulated by an automatic feedwater regulator. Fur- 
thermore, when it is desired to reduce the load, the generator does 
not have to be blown. The only energy losses in the circulating 
pump operation are the motor losses and the bearing-friction 
losses. Practically all the energy delivered to the pump impeller 
goes into heat in the water, therefore the loss from this source is small. 

These electric steam generators have been designed for pressures 
ranging from 200 lb., maximum to 15lb. minimum. Tentative lay- 
outs have also been made on generators of 3000 kw. capacity 
operating at 1 lb. pressure. These generators can be designed for 
any boiler pressure now being used, up to 50,000 kw. capacity and 


from electrode 
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down to 250 to 300 kw. Below this lower limit generators of this 
type would probably not be as economical to build as some sort 
of immersion type using a metallic resistor. 

One of the interesting features of operation of the electric steam 
generator is the interlocking of the various controls for purposes of 
safety. Suppose, for example, the circulating pump ceases to fune- 
tion, from voltage failure or other cause. The water in the electrode 
chamber simply drains into the hotwell, and since the electrodes are 
no longer submerged, no more steam is generated. On resumption 
of the pumping, since there is no hot metal surface in the electrode 
chamber, there is no danger of an explosion similar to that due to 
a hot crown sheet ina boiler. Also, when the water drains out there 
is no danger of burning any part of the electrode chamber, because 
when there is no water there is no heat generated. Too high a 
level of the water is prevented by an emergency overflow pipe of 
large diameter, whose top is some distance from the top of the elec- 
trode chamber. 

There are instances where the electric steam generator might 
prove a valuable adjunct to the plant equipment either in utilizing 
excess electric power formerly wasted or in providing process steam 
directly where it is needed. An electric generator operates with 
only very little attention and therefore may be economically used 
under certain circumstances in preference to a steam generator. 

This applies, in particular, to mills that purchase power on a max- 
imum-demand basis. Suppose, for example, 
for 10,000 kw. maximum demand. It is possible that, owing to 
one cause or another, the load factor for the year may be as low as 
In such a case 2500 kw-vears, or 21,900,000 kw-hr 
are being paid for but not used. By installing an electric steam 
generator to utilize this energy the fuel bills would be cut 
rially. Assuming a coal-fired boiler with an efficiency of 65 per cent 
and coal with 13,000 B.t.u. per lb., for every 4953 kw-lr. used in 
the generator one ton of coal would be saved, or 4421 tons per vear 
If oil-fired boilers are used, operating ind 
using oil weighing 8 lb. per gal. with 18,700 B.t.u. per lb., for 
every 32.9 kw-hr. there would be saved one gallon of oil, or 665,650 
gal. per year. These figures are calculated on the basis that all 
the excess energy would be utilized. 


a factory contracts 


75 per cent. 


mate- 


at qo per cent eth eney 


If only 75 per cent Was so 
utilized, the savings is said to be still enough to more than justify 
the installation of a steam generator. (Power, vol. 56, no. 21, Nov 
21, 1922, pp. 795-797, 3 figs., dA) 

In commenting on the progress of the electric boiler, an editorial 
in Power calls attention to the fact that there is installed or under 
construction in this country and in Canada about 200,000 kw 
normal capacity of this kind of equipment. This is equivalent to the 
evaporation of 700,000 lb. of water per hr. at 212 deg 
fahr. 

While the size of this equipment varies, the average unit is large, 
and for 19 installations the average size of boiler is over 9000 kw. 
while the largest unit with a normal rating of 25,000 kw. has absorbed 
as high as 33,000 kw. (Power, vol. 56, no. 21, Nov. 21, 1922, pp 
S11-S12, editorial) 


from and 


Tue Fiasa Evaporator. Description of an apparatus for pro- 
ducing distilled make-up water made by the Schutte-Koerting Co 

The particular feature of this type of evapora‘or is that evapora- 
tion takes place in a chamber containing no tubes. This is accom- 
plished by circulating the raw water continuously through the 
closed heater operated by exhaust steam to a vacuum flash chamber 
or evaporator and then back to the heater. In this apparatus the 
vapor discharge line of the flash chamber may be connected to the 
main unit condenser or to a special “distiller condenser.” In this 
way a vacuum is maintained such that the temperature of the 
raw water leaving the closed heater is considerably above that cor 
responding to the absolute pressure in the flash chamber. The 
result is that as the water enters the chamber a certain fraction of 
it flashes into vapor. This passes over to the condenser and enter 
the system as distilled make-up water. 

The following advantages are claimed for the flash evaporator 
Elimination of evaporator scale trouble; removal of air and othe! 
gases; automatic control of evaporator feed and evaporato! 
blow-down; and high rate of heat transmission in the heater dur 
to the absence of a steam film between the tubes and the surrounding 
water. (Power, vol. 56, no. 22, Nov. 28, 1922, pp. 834-835, 3 figs., 
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POWER TRANSMISSION 
Wave Transmission of Power 


Wave TRANSMISSION OF Power. Description of the machinery 
and exposition of principles underlying the operation of the Con- 
stantinesco system of power transmission by waves generated in a 
liquid. 

During the war this system was applied with great success in the 
so-called CC synchronizing gear for firing machine guns through 
aircraft propellers in such a manner as to avoid hitting the blades 
of the propeller. The apparatus proved to be so reliable that it 
was ultimately used for testing ammunition, it having been found 
that premature explosion and especially delayed ignition of ammu- 
nition powder was more liable to occur than irregularities in the 
operation of the gear the 


who, 


The patents in Great Britain and 
controlled by W. H. Dorman & Co., Ltd., 
among other things, have applied this method to the operation of 
hammer rock drills 

Notwithstanding the fact that until recently information avail- 
able as to this process has been scarce and difficult to obtain, fairly 
given in MECHANICAI 
42, June and November, 1920, pp. 399-360 and 


Dominions are 


complete particulars concerning it were 
E-NGINEERING, vol 
633-054 

The present article, among other things, gives data on the opera- 
tion of the Dorman wave-power-driven rock drill as compared with 
l-air drill 


figures have been published setting forth the perform- 


a compresser 
Different 
ance of the Dorman wave-power rock drill 


siderable va 


They show some con- 


riation, 


as might be expected, in view of the fact that 


the rate of drilling must naturally depend upon the precise degree 


of hardness of the rock and upon the exact condition of the drill 
steel as regards sharpness The first-named factor is not constant 
from hole to hole even on the one piece of rock, while the latter is 
subject to progressive deterioriation during the drilling of a hole to 
an extent which reflects the hardness of the rock. We give below 
a set of comparative figures which we ourselves observed in the 
a test made in our presence. The exact rate of drilling 


the operator to 


course of 
a considerable extent 


] i 
depends 


He has it, at least, 
P 


course, upon 
within his power, if skilful, completely to up- 
et the value of the figures obtained in a comparative test. On the 


other hand, a close observer can readily tell when the operator is 
not working the drill to its full capacity, tor i he holds it back at 
An ist make it good afterward by turning the feed han- 
dle for a time at During the tests to which 
operator an employee of Messrs 
throughout. We 
ny undue reduction in the feed during the compressed air drill 
trial. On the noticed that with both drills occasional 
imming occurred as a result of the steel being fed into the rock at 


lightly too great a rate 


time he mi 
above the average rate 
the following figures relate one 


Dorman—was emploved saw no evidence of 


contrary, we 


PEST RESULTS ON HARD GRAY CORNISH GRANITI 


Diameter of Feed per 
Drill teel, in min., in Volt Ampere 
Vave transm l 7 410 37.5 
Vave transmissio light load 110) 22 
mmpressed air l’/s 1 410 iS.5 
ompressed ait light load 410 1s.0 


On the basis of these figures it will be seen that the Dorman 
rill performed about 75 per cent more work in the same time than 
e compressed-air drill, and consumed in so doing about 25 per 
ent less power. When running with the drill out of action, the 
orman drill consumed 25 per cent more power. The figures for 
the Dorman drill include the energy required to supply the flushing 
vater. In the case of the compressed-air plant the flushing water 
is supplied by a separate pump, the energy consumption of which 
is not measured. The compressed-air drill was of a modern 
pe—we cannot obviously specify its design—and was supplied 
The compressor 
In fact, it was only just large enough to 
rive the drill, as was shown by the fact that the receiver pressure 
ll slightly—from 82 Ib. to 75 Ib. per sq. in.—when the drill was 
ought into full action. It will be understood that the electrical 
msumption figures represent the energy supplied to the motors 
criving the wave-power generator and the air compressor, respec- 
tively. The same instruments were used in both cases. (The Engi- 


an air compressor of equally modern form. 
is not unduly large. 
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neer, Vol. 134, nos. 3487 and 3488, Oct 
144-445 and 466-468, 8 figs., deA) 

In view of the novelty of the subject and comparative difficulty of 
securing the necessary information, the following list of U. 8S. pat- 
ents and patent applications on wave transmission held by the 
British W. H. Dorman & Co., Ltd., 


27 and Nov. 3, 1922, pp 


may be of interest: 


PATENTS 

1,211,679 /17 1,334,287 /20 1,334,2s81 (20 ] 1,282 /20 

14,738/19 1,334,280, 20 1,334,290 20 1,372,944 /21 
1,334,283 20 1.334.288 20 1,334,291 /20 1.334.285 (20 
1,334,264 20 1,334,289 /20 1,372,941 /21 1,372,942 /2 
1,372,943 /2] 1,410,100, 22 1,400,019 21 

APPLICATIONS 
$95,221 /21 $95,222 /21 $15,861 20 $15,119 


This list is taken from a pamphlet printed for Mr. Walter Hadden, 
connected with W. H. Dorman & Co.. 
addition to U.S. patents, patents issued in other countries including 
Creat 


in London, which gives, in 
Britair 
PUMPS 


Rotary Pump with Reduced Friction Losses 











\ New Type or Rotary Pump wirna Biapes, A. Poitrineau 
The general belief is that rotar pumps with blades are inefficient 
because of the excessive friction between the blade and the easing. 
rapid wear of parts, and excessive leakage 

The author considers (without, for the time being, going into 
the question as to how it can be done) the case of a rotary pump with 
blades where the blades do not com actual contact with the 

j 
s 
| Ss | au ~&R y Pui 
casing. If this be so, friction between blades and casing will be 
eliminated but leakage increased; but this may not be very ob- 
jectionable, as the author shows that in such a case the amount of 


if the 


leakage become s of less and le SS Importance as the velocity 


pump mnereases 

In the pump designed 
have been satisfied: (1 
and the 
rolling contact, (3 
and (4) al! liquids are admitted near the axis 

Fig. 8 shows a pump with four blades, a, b, c, d, rotating about 


by the author the following four conditions 


There Is 
rubbing contact between parts is re placed by 


been secured 


no friction between the blades 
>) 
Casing; (2 


high velocities of rotation have 


an axis O in a cylindrical casing with one orifice for water ad- 
mission and another for its exit. A wheel R, driven by pulley J’, 
revolves around the shaft O’O’. This wheel carries four equidist ant 
rollers g which travel within rectilinear guides in the blades (i 
in the section). The operation of this pump is similar to other 
blade pumps W ith an eccentric drum—with this essential difference, 
however, that the drum is here replaced by the roller-bearing wheel 
R. The wheel F in rotating at a constant velocity carries with it 
the rollers which roll in their respective races and push the blades 
at velocities varying with their distance from the axis. In other 
words, it is simply a quick-return mechanism of the first order but 
of multiplex type. The thickness of the blades is so proportioned 
that at an instant when the bisecting planes form with the faces of 
two consecutive blades a minimum angle, the two adjacent walls 
are in touch. An examination of Fig. 8 shows that the two blades 6 
and c, now in contact, will separate during one-half of the revolution 
and then tend to come together again. This will easily explain the 
method of taking in and driving out the liquid. In the case of Fig. 
8, at each revolution a volume of liquid is delivered equal to four 
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times the volume 4, or practically equal to the volume within the 
easing. 

The author explains the balancing of the parts at high speeds and 
the method of making the blade. From the article it is not clear 
whether any such pumps have been actually built, and if so, in what 


sizes and what were the actual efficiencies of the apparatus. (Arts 
et Métiers, vol. 75, no. 24, Sept., 1922, pp. 260-264, 9 figs., d) 
RAILROAD ENGINEERING 
Rowan Locomotive Piston Packing 
Rowan Locomotive Piston PackinG. Description of a type 


of locomotive piston packing applied on several of the Irish rail- 
ways. The piston ring as applied to locomotive pistons is shown 
in Fig. 9. 


There are two casting rings A,A turned to the exact diameter 
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Fic.9 Rowan Locomotive Piston Packina RINGs 


of the cylinder, the split being covered by a steel spring C which 
consists of a hoop of steel of a diameter somewhat larger than the 
internal diameter of the ring. At intervals on the spring C there 
are a number of knuckles E. By forcing the hoop into the ring it 
is deflected from its circular form into a series of ares—one between 
each pair of knuckles. 

As shown by this the distinctive feature of this packing lies in 
the use of a separate spring to produce the proper expansion of 
each ring, with the addition of a third spring to keep the rings in 
steamtight contact with the outer side of the groove in the piston. 

It is claimed that with this design each spring can be accurately 
adjusted for its particular function and that the pressure exerted 
by the rings against the cylinder walls does not exceed 2 lb. per sq. in. 
and is ordinarily about 1'/2 lb. per sq. in., this being sufficient to 
insure steamtightness without causing excessive friction. 

With superheated steam the piston springs are exposed to tem- 
peratures which draw the temper of ordinary spring steel. To 
meet this condition the manufacturers of the Rowan piston ring 
have developed an alloy having special heat-resisting and temper- 
retaining qualities which is being used in the manufacture of this 
locomotive piston packing. (Railway Review, vol. 71, no. 19, 
Nov. 4, 1922, pp. 615-616, 1 fig., d) 


Tue Srreet Locomorive Srarter. Description of a device 
the purpose of which is to give increased power to a locomotive 
at starting. Its function is different from that of the booster, as 
it is intended to assist the locomotive only when starting and is 
designed for use only at very low speeds. The starter consists 
essentially of a heavy cast-steel ratchet wheel driven by a steam 
cylinder. The piston of this cylinder is driven through its working 
or forward movement by steam pressure and through its return or 
backward movement by a spring. With the ratchet wheel goes a 
ratchet which can engage it and is carried by a pair of lever arms 
operated by the piston rod. When the machine is idle and during 
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the return stroke of the piston this ratchet is held out of contact 
with the ratchet wheel. When steam pressure is admitted to the 
cylinder the ratchet is forced down into contact with the ratchet 
wheel and holds it there as long as the pressure exerted by the steam 
is greater than that of the springs which hold the ratchet up. The 
steam pressure and the strength of the springs are so proportioned 
that the ratchet is foreed down before there is any forward move- 
ment of the main piston and lifted before its return movement. 
This arrangement eliminates any dragging of the ratehet over the 
ratchet wheel and the unnecessary wear and 
result if this were permitted. 


W hich would 


noise 


The control mechanism consists of a l-in. steam line leading 


from the dome of the locomotive to the evlinder of the starter with 


a throttle at the dome and a flexible joint at the cylinder. The 
throttle is opened and closed through the medium of a! yin copper 
pipe leading from the throttle to a push button in the cap. \W hen 


the push button is held down the machine will run, and when it is 
released it will stop 

It is important that all piping and the eylinders be free of water 
in order that the machine may respond instantly when action is 
demanded. To insure this the automatic drain 
valve at the lowest point of the cylinder which remains open at all 
times when there is a pressure of less than 10 Ib. in the evlinder, and 
closes automatically under any greater pressure. 


starter has an 


In the original article is shown a machine designed for application 
to a locomotive trailing truck having wheels 43 in. in diameter 
and carrying a weight of 52,500 lb.; the tractive force exerted at 
the rim of the wheel with a 10'/.-in. cylinder and 200 lb. boiler 
pressure would be 12,900 lb. A smaller type is also built. 

It is claimed that in passenger service the starter will eliminate 
starting shocks resulting from taking up slack. In freight service 
it will eliminate the need for taking up slack in order to get a train 
under way, and in so doing will reduce break-in-two’s and draft- 
gear and coupler failures. (Railway Age, vol. 73, no. 19, Nov. 4, 
1922, pp. 858-859, 1 fig., and Railway Review, vol. 71, no. 19, Nov. 
1, 1922, pp. 613-615, 3 figs., d) 


REFRIGERATION 
Experiments on Ice Making Supercooled Water 


Meruops or FREEZING Raw Warer, Halbert Paul Hill. De- 
scription of what appears to be a novel method of ice manufacture 
in which an attempt is made to make a practically continuous cake 
of ice from which pieces may be cut off as desired. The method 
is based on the use of supercooled water. It is known that strongly 
agitated water may be cooled below its theoretical freezing tem- 
perature without solidifying. In tests made by the author, water 
strongly agitated and surrounded by a 14-deg. fahr. brine was 
reduced to 26.8 deg. fahr. before it flashed and ice crystals were 
formed. In other experiments water was not agitated but covered 
with a film of oil and a temperature of 25 deg. fahr. was reached 
without crystals forming. A piece of ice was dropped into the 
water and crystals slowly formed. The pecuiiar thing in the 
formation of these crystals is that they formed ir. laminated sheets. 
After proving that water could be supercooled, a plant was built 
with the idea in view that if ice erystals could be made in sufficient 
quantities and the ice cans filled with a concentrate of ice crystals 
and water at 32 deg. fahr., a marked step in the development of 
a more commercial method of manufacturing ice would be obtained. 
Notwithstanding all efforts made it was found impossible to use 
this plant on a commercial scale as the equipment would work 
only a few minutes, when the cooler would freeze up. This hap- 
pened even when high back pressures from 42 up to 100 lb. per sq. 
in. were used. The apparatus, it seems, was provided with screens 
of 200 mesh in the bottom of the tank to prevent the erystals 
from being carried to the cooler. As a matter of fact, however, 
the crystal formations break up into such minute particles that 
they readily pass through eight to ten thicknesses of 200-mesh 
screen reinforced with cheesecloth, and these minute crystals once 
in the cooler cause the flashing. 

A device was then developed for separating crystals by gravity. 
After this separator was connected between the tank and the 
cooler, supercooled water could be made and maintained for an 
indefinite period at temperatures below 32 deg. fahr, and it was 
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believed that by introducing the supercooled water into a refriger- 
ated can or receptacle the water coming in contact with the re- 
frigerated surface would deposit laminations of ice thereon, thus 
removing the Numer- 
ous experiments were made but without satisfactory results on a 
first. Thirty-seven forms of cans of 
were mad In all of these 
sible to deposit ervstals that 


heat through water instead of through ice. 


commercial seale at arious 


types and shape absolutely clear ice 


was made but in no case was it po 


would adhere to the refrigerated surface or to the ice formed. This 
led to further experiments to determine the relation between super- 
cooled water and ice crystals 

In the course of these experiments another means was emploved 
in the hope of solving the problem \ large cast-steel ammonia 
jacketed ¢ ching 7000 Ib., was made in two sections, machined 


I Welly 

inside and bolted together 
the ammonia-jacketed It was open at the ends 
and the front end was provided with a cover and an inlet and 


outiet 


This can was 6 ft. 9 in. long and 
ection 6 ft. long. 


The idea was to 
supercooled water into the can through the top inlet, agitate 
it in the can, and discharge it from the lower outlet. The object 
of the agitator was to mix the supercooled water and crystals so 


in the center an agitator was provided. 


adit 


that the entire mass would be of one temperature and the crystals 
would be deposited on the refrigerated surface of the can and thus 
make ic Means were provided to lubricate the inner surface of 


the can, the intention being to make ice continuously, allow it to 
slide out of the can as made, and then saw it off into standard 
le ngths The system was not a success 


I-xperiments are now being conducted in an attempt to make 


ice in an open tank, separate the crystals in the water by a centri- 
fugal separator and then press them into a cake by means of hy- 
draulic pressure. The erystals made from supercooled water ar 
so minute that they can hardly be distinguished from water when 
In a glass, By subjecting them to pressure, 
ever, they can be compacted so that solid ice can be made 

In the 
the crystallization point by catalytic action. 


being so clear. how- 
course of these tests an endeavor was made to stabiliz 
Various acids and 
alkalies were added to the water with a view of decreasing the 
freezing point and with the hope of discovering some means whereby 
the erystal formation would be retarded. Certain dyes were used, 
and other chemicals. <A 
study of the crystal formation of sugar, salt, glycerine, and vari- 


as well as starch, glycerine, thorough 
ous chemicals was made and a number of very interesting experi- 
ments were conducted with electrical apparatus. 
were made surrounded by e¢ 
ing and direct 


Ol directir g cl 


Glass containers 
y coils of wire through which both alter- 
current were applied with a view to stimulating 
by magnetic lines of force. 


nating 
vstallization 
fore, that while no commercial result has 
work of the writer, some facts of con- 


been established. Ref 


frigerating 


It would appear, ther 
vet been 


siderable 


Ee naines ng, vol y, ho. 7 


obtained from the 
interest have 


(et 


screntin 


1922, pp. 127-131 and discussion, 


Compression, W. H. Motz 
Brief discussion of general thermodynamic principles followed by a 


THERMODYNAMICS OF AMMONIA 


derivation of the various formulas used in the design of ammonia 
compressors 

lor the constant k in the formula for mean effective pressure wher 
immonia is compressed adiabatically (ratio of specific heats) the 
iuthor recommends a value of 1.31. 
:ccompanied by examples and a number of curves and tables are 
civen, among them being a table for the mean effective pressures 
of ammonia and curves for mean effective pressures for various 
uction and discharge pressures. Formulas for the mean effective 
pressure with and without clearance are given, and the author 
points out that the mean effective pressure with clearance is equiv- 
ilent to the mean effective pressure without, multiplied by the clear- 
nee factor, or the volumetric efficiency due to clearance. The 
effective displacement of the compressor cylinder with clearance is 
reduced in direct proportion to the volumetric efficiency due to 
clearance, and the mean effective pressure of the cylinder with 
clearance is reduced in the same proportion. This indicates, 
theoretically, that the clearance does not effect the work require- 
ments for a given amount of refrigeration. In passing, the author 
calls attention to the formulas and tables given by Carl J. Jefferson 


Some of the formulas ar¢ 
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in an article entitled Mean Effective Pressure of Ammonia 
in the 18, 1917, issue of Powe He claims that the 
formula given therein is incorrect (be: 


Com- 


pressors, sept 


ause it apparently assumes 
a 100 per cent condition the whole distance is also Mr. Jef- 
ferson’s table ol mean efiective pressures wit! irving learanes . 
suction pressure nd condenser pressure Refrige nq Engi- 
neering, Vol. 901 t Oct., 1922. pp 119-124. 6 | 1 


pp. 124-125 and 132-133 


2 higs., gl 
SPECIAL PROCESSES 


Dust Separation by Gravity 


(; 1ry Merrnop or Dust Separation, Dr. Karl Wiest The 
gravity method of dust separation is still used in many instances 
because it is the cheapest to employ under certain conditions, and 
when properly applied gives excellent results. The method of 
operation of gravity-type dust separation plants rests on the tact 
that when the velocity of the gas in which the dust is held in suspen- 
sion Is decreased the particles have time to settle out because 
of then higher pe ne gravity The author hows that both in 


and in moving air each particle of dust has a certain 


f.}] ] ; ; lf ] ] ] +} {¥ 
tocity Of tall peculiar =f and ¢ stablishes a ilaw to e erect 
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| 10 Dust-S: nG C1 with MuLtTIPLeE | 
ETW I 4 Cy 
er \\ e thy otyt ust be « great enough to prevent 
the flowing gases from picking up and carrying off dust from the 
floor If this is so, the general opi is to the importance in a 
dust ( mber 0 mcw t \ d appear to be incorrect 
This is of consice i ( ry nee ( nectior th the 1 of 
standpipes forming part of the usual air-cleaning equipment in 
LJ 
blast-furnace plants 
] 1 
In order to test out the correctness of the above rule, in a certain 
d ist-separating ehat her f rectangular cross-section a false floor 
. . 7 this eight ¢ the el } ry er one lf of it 
widt! lft " t | nee of the f rea he cham- 
ber in governing the amount of dust separated out from the air be 
eorrect there spould be aeposited 


| on each of the two ! alve s of the 
subdivide d chamber ipprox mately f 


1 The 


kFurthen or the dust cl 


as mucl dust as on the floor of 


the undivided | test proved that this is so 
umber with the multiple subdivision in 


the vertical directi s shown 1n Fig 


10 (patented bv the author) 
gave a cust separation many times greater than that obtained ina 
Among other things, the author shows a smoke- 


stack wl ere st plike baffles have been built in to modify the free 


simple cl ambe I 


flow of the gases and to force them to deposit the heavier particles 
of dust on these baffles 

The effect of velocity of fall on the separating out of dust parti- 
cles may be utilized in the case of smokestacks delivering their 
gases into the open alr, where, for some reason or other, excessive 
dust may be objectionable. A smokestack in itself is not an appara- 
tus for the dust separation, but it may help to protect from dust the 
surroundings of the plant. If a particle of dust having a velocity 
of fall k leaves a smokestack of the height H and is immediately 
picked up by a wind velocity w, it is carried away for a period of 
time necessary to have it fall through a height H. Its distance of 
flight will therefore be f = Hw/k. The higher the smokestack 
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the greater the wind velocity, and the smaller & the greater will be 
the distance to which the particle of dust is carried. If the 
wind is very slight the gases, and with them the dust particles, do 
not spread horizontally immediately upon leaving the mouth of the 
smokestack, but rise more or If, however, the smokestack 
has built into it a dust-separating chamber which gives a certain 
velocity k’, no dust particles can leave the smokestack which have a 
velocity of fall greater than k’, and therefore the minimum distance 
of flight will be fmin. = 3H/k’, the wind velocity being here as- 
sumed as 3 meters per second. As a result no dust can fall within 
the radius of fmin.. (Stahl und Eisen, vol. 42, no. 44, Nov. 2, 1922, 
pp. 1650-1653, 4 figs., de) 


less. 


REINFORCED-CONCRETE PipE MADE BY CENTRIFUGAL PROCESS. 
Description of centrifugally cast concrete pipe made by the Lock Joint 
Pipe Co. at Ampere, N. J., and Denver, Colo. The machine used 
does not essentially differ from similar machinery in the Hume 
process (described in MECHANICAL ENGINEERING, July, 1922, pp. 
474-475) and in some German processes. The whirling form is 
of wrought iron in take-down construction and is set up around the 
reinforcement cage so arranged that the cast-iron joints at the end 
of the cage are flush with the circumference of the form. The 
grooves or sheaves of the form are then engaged by an endless 
steel cable hanging from the frame and give the form its motion. 

In one respect the machine is different from the Hume, viz., in 
that it uses a charging bucket consisting of a longitudinally placed 
eylinder with a slot a few inches wide along its elements. It is 
completely filled with concrete through the slot and then moved 
longitudinally on tracks into the center of the whirling form. Once 
the charging bucket is inside, the form is started to whirl and the 
charging bucket is slowly turned over so that it discharges its 
concrete content uniformly along the inside of the form where it 
is immediately thrown outward by centrifugal force. The size of 
this charging bucket is so proportioned as to give the proper con- 
crete content to form a shell of a required thickness. 

After the form has been whirling for about five minutes there is 
inserted into the center a pan resting clear of the form at either end 
and projecting from the center of the form. It is used as a guide 
for brushes, manipulated by the attendant, which clean the in- 
terior of the pipe and collect the excess water which clings to the 
whirling surface. It is said that in a pipe 20 in. in diameter, 
2'/2 in. shell thickness, and 12 ft. long with a conerete that would 
be considered of normal working mortar plasticity, a full wheel- 
barrow load of cement, colored water and laitance is drawn off. 

The concrete from which the pipe is made is a mortar rather than 
concrete, as it is a one-half mixture of portland cement and ordi- 
nary good, clean building sand. The finished pipe presents a 
remarkably uniform surface. So far no tests have been made as 
to their strength, but they are being used for pressures up to 50 
lb. per sq. in. for the 20-in. pipe and have resisted pressures up to 
200 lb. per sq. in. (Engineering News-Record, vol. 89, no. 80, Nov. 
16, 1922, pp. 829-830, 4 figs., d) 


STEAM ENGINEERING (See Power Plants) 
THERMODYNAMICS (See Refrigeration) 
VARIA 


ScULPTURE BY CAMERA. In the December, 1922, issue of Me- 
CHANICAL ENGINEERING (p. 843) a method of portrait sculpture 
by the aid of photography was described by W. F. Engelmann of 
Chicago. It is now stated that Howard M. Edmonds, a graduate 
of the Massachusetts Institute of Technology, has developed an- 
other method for accomplishing the same result. In this method a 
lantern projector popularly known as a magic lantern throws on 
the face of the sitter a series of closely spaced lines. These lines 
projected on a screen are fine, straight parallel lines, but when 
thrown on the face of the subject and viewed from a certain angle 
they appear curved and follow the contours of the face. A photo- 
graph is then taken of the subject with these lines projected on the 
face with a strong light, and the negative shows the many curved 
lines on the face. A positive is then made from a negative and 
given to the operator of the carving or sculpturing machine. 

Connected with the machine is a drill which can be made to 
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rotate and also to move in a straight line and scratch thin lines on 
the marble or such material as may be chosen. The operator by 
the use of levers and handles can control the drill and make it begin 
and end at any point, and can also regulate the depth of cut. To 
secure a likeness of the model the operator manipulates a pointer 
which is connected to the drill so as to follow the curved lines 
on the photograph. As the pointer traces out the lines on the 
photograph the drill moves up and down, making cuts of various 
depth as it moves along in its straight-line path. As the lines 
curve in on the photograph the drill cuts deeper and as they curve 
out it cuts shallower, and in this way the varying contours of the 
subject’s face are reproduced in marble. In practice it is found 
that polishing and a certain amount of hand earving of the hair 
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is necessary, but otherwise the machine does the entire work of 
carving, and by eliminating the necessity of a skilled sculptor 
brings the sculptured portrait within the province of persons of 
moderate means. (The Tech Engineering News, vol. 3, no. 5, Nov., 
1922 


22, pp. 148-149, 1 fig., d) 


GERMAN Export Pouicy. The more important of the German 
oil-engine manufacturers maintain a complete sales organization 
covering the entire world. For example, one prominent builder 
has over 400 salesmen in South America, Egypt, India, China, ete. 
These salesmen are not mere brokers but direct representatives, 
selling the builder’s product and devoting their whole time to this 
business. If the engine sales are insufficient to give the salesmen 
a profitable business, the engine builder takes on some other line 
of machinery that can be readily sold in the territory under question. 
This increases the profits of the representatives and ties him still 
closer to the engine builder. The engines for export are finished 
according to the demand of the country into which they go. 
desires as to painting, extra parts, crating, etc., are complied with 
In making export prices on account of exchange conditions th 
factory cost has but slight influence and the quoted price depends 
on the price prevailing in the country to which the engine is going 
The extent of the German foreign trade in oil engines may be judged 
by the fact that in one South American country a German buildet 
maintains a repair shop having a payroll of 40 men. (Powe 
vol. 56, no. 23, Dee. 5, 1922, pp. 878-879, g) 
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CLASSIFICATION OF ARTICLES 


Articles appearing in the Survey are classified as c comparative; 
d descriptive; e experimental; g general; A historical; m mathe- 
matical; p practical; s statistical; ¢ theoretical. Articles of especial 
merit are rated A by the reveiwer. Opinions expressed are those 
of the reviewer, not of the Society. 























Forty-Third Annual Meeting of the A.S.M.E. 


Noteworthy Week Comprising Twenty-four Sessions Dealing with Professional Subjects, Economies, 


and Industrial Education and Training 


HL 


FORTY-THIRD Annual Meeting of The American 
society of Mechanical Iengineers was notable for its well- 
balanced, diversified program with splendid papers and 


enthusiastic discussion 
$ through 7, 


The four days of the meeting, December 
1922, formed a \ 
that time there were twenty-four sessions, fifty-three committee 
This was followed by the National 
Exposition of Power and Mechanical Engineering which opened 
on Thursday, at o'clock at the Grand Central 
It a remarkable week and the 1836 who registered 
meeting with a 


ery intense period, however, for during 
meetings, and four social events. 
December rf one 
Palace 
left the 
cessful affau 


was 


feeling of having attended a very suc- 


The presidential address of Dean Dexter 3. 
wide 


Kimball attracted 


attention and gave mighty in- 
spiration in its challenge to the engineet 
to assume his proper responsibility in 
maintamimng 


He w 


presentation on 


ind developing civiliza- 
tion. is given an ovation at its 
Monday ¢ of 
The address appears in 
full as the leading article of this issue 


vening 
the meeting 

Perhaps the most interesting session 
of the meeting was that on Engineering 
ind Economics held on Wednesday 
evening, December 6 President Dex- 
ter S. Kimball presided over a program 
irranged the A.S.M.E 
Management Division and the 


jointly by 
\meri- 
Association Papers 
were presented by Dr. W. C. Mitchell 
on Making Goods and Making Money, 
ind by Ek. M. Herr The 
Problem in Industry; and H. R 
Ik. F. DuBrul, F. J. Miller, and J. I 


Harrington contributed to the discus- 


can Economic 


Hum in 


Seager 


on 


sion. These addresses with the discus- 
sion appeal on other pages of this issue 


The Council Monday 


transact routine business, 


met on to 
and 
Friday to install the new officers and 


msider the 


' 
on 


questions arising trom 


proceedings of the business meeting. 
President, Dean Dexter 


S. Kimball, was presented with a gavel, 


The outgoing 


nd the custom was inaugurated of also 
iving the incoming President this Joun Lyte Harrinoron 
ymbol of his authority. John Lyle fue AMERICAN Socrery 


larrington was formally introduced 


President : as were the \ ice-Presidents, 


\. H. Kenerson, EF. F. 
\ Cy. 


hew 
Scott, 
Christie, J. H. Herron, 
This Annual Meeting was 


W. S Finlay, Jr . 
and H. H. Vaughn; and Managers, 
and R. V. Wright. 
also the scene ol a very remarkable 
inference Local Sections Delegates which lasted throughout 
e week. On Monday the delegates met all day to talk over Local 
ections problems, breaking the gathering, however, for luncheon 
ith the Council, at which a number of inspiring four-minute ad- 
esses were delivered by the officers and chairmen of standing 
mmittees During the the week the Local 
legates met with the various Standing Committees of the Society 
the discussion of national Society problems, and on Friday 
ey attended the Council meeting. In the afternoon the Council 
of the Local Sections Delegates. As a 
lt of this week-long conference the members of the Society from 
r learned of the inspiring importance of the Society's activities. 
\ more complete account of the transactions of the Council and the 
deliberations of the conference of Local Sections Delegates ap- 
peared in the December 22 issue of A.S.M.E. News. 


ol 


rest. ol sections 


tended the final meeting 





oY 


Local Sections’ Conference a Prominent Feature 


Business MEETING 
alternoon, December bh, the anni 


On Monday 


was held Its feature was the presentation ol the report ( 

W. Rice Secretary of the A.S.M.E., on his recent trip s 
America. This appears in its complete form on page 72 t 
issue of MECHANICAL ENGINEERING. Mr. Rice precede 

report by his customary summary of the work of the Standing 
Committees of the Society The formal report of the Tellers « t 


ballot for the 
following selection of the 
Local Sections Dele 
Holyoke, Mass.; A. I 
Philadelphia 


new Constitution and Code of Ethics was 
Nominating Committe 
gates was approved: Charles L 
\I] New York City; William 
I. Magruder, Columbus; W. | 
j Bendit, Kansas ‘ 
Corvallis, Ore ind 
1) 


naugh, \\ 


Chicago; Louis 


H 


ilternates, L 


sam Cratl, 


Burlingan 


dence; S. H. Libby, New York Cit 
H. S. King, Atlanta; C. W. Bennett, 
Columbus; William M. White, Mil- 
waukee; L. D. Crain, Ft. Collins, Colo 
R. D. Hoyt, Portland, Ore. Announce- 
mer \ ie ol the fh ippl i 
hree pal the work the Power 
I ( Committers Che General 
Instruct Code on Definitions 

Val Code for Recip y 
Steam Eng The fe ving reports 
( eR h Cor ttee wer ' 
| ted for final approval: Standards 
on Malleable Lron Screw Fittings, 
Cr ils ind Pinions tor | lectri Sel { 
Gray Iron Industrial Spur Gear 
Specih itions for Steel (¢ istings I 
Gears, Specifications for Brass and 
Bronze for Gears, and Specifications 


for Forg 
In 
Major 


| 
thanks [rol 


ed 

presenting 
Fred J 

the 


| 


essed 


d Rolled Steels for Gears 
life membersh te 
Mille = a sol itions of 
Council were 
which expr an appreciatio! 


Major Miller’s service as president and 


is advisor and servant under all cir- 
cumstances, not the least of which was 
his assumption of the burden of the 


Mr. R 


secretaryship while 


1925 South America 


PRESIDENT 


MECHANICAL ENGINEERS Life memb« rship in the Society was 
i eo 
for a paper on Steam Formulas which was adjudged by the C: 
mittee Awards and Prizes as the best 
of Transactions 


Pittsburgh 


ilso presented to Prof 


on one appearing in the 


1920 volume 


R H Heilman of 


The Junior prizes were awa 


for his paper on Heat Los 


Bare and Covered Wrought-Iron Pipe at Temperatures up to S800 
Deg. Fahr., and to F. L. Kallam of Los Angeles, Cal.. for s papel 


li 
Carman, Junior Past- 
the 


T} 
rit 


E.S 


on vestigation of the Thermal Conductivity 


of Liquid 
President and Chairman of the 
M.E. delegation to American Engineering Council, em 
the fact that the d low 


composing The Federated American Engineering Societies is cor 


inization of national, state, 


org: an 
cerned more particularly with those engineering activities that 
of civie import 

L. W. Wallace, Executive Secretary of the F¢ 
convincing report of the activities of the Federation 

Mr. Wallace called attention to the fact that in the two industrial 
reports which have been issued by the F.A.E.S., Herbert Hoover 
has written the introduction to the one on Waste in Industry and 
President Harding to the report the Twelve-Hour 


great 


are 


aeratio ’ 
it 


the one on 
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Shift in Industry. He spoke of the coéperation of the Federa- 
tion with the Department of Commerce in standardization 
work and in adjusting the relations of the Federal Government 
with contractors; also of their coéperation with the Post Office 
Department in organizing a division for the handling of materials. 
Certainly the Federation has been influential in presenting certain 
legislative measures; and in the matter of a topographical map of 
the United States they have had introduced into Congress a law 
which will make possible the completion of this necessary map in 
twenty-five vears instead of the one hundred vears it will take at 
the present rate. 

Following Mr. Wallace, Rudolph P. Miller gave a report on the 
National Board of Jurisdictional Awards in the Building Industry 
This Board has been meeting on an average of four times a vear and 
to date has rendered about 38 decisions, many or all of which have 
been instrumental in the settlement of industrial disputes before 
they have actually occurred. He urged that engineers everywhere 
give their support to this Board, showing that untold money may 
be saved for the people of this country by the elimination of the 
labor disputes over which the Board arbitrates. A review of the 
activities of this Board will be found on page 75 

STUDENT SESSION 

On Wednesday afternoon, December 6, Dr. William H. Kenerson 
presided over a gathering of representatives of Student Branches 
at which a number of problems relating to the activities of the 
Branches and their relation to the Society were given careful 
consideration. Addresses were made by Edwin 8. Carman, Past- 
President, John Lyle Harrington, President-Elect; John Younger, 
and Calvin W. Rice. Representatives were present from the 
following colleges: 

Massachusetts Institute of Technology 
Michigan Agricultural College 
University of Michigan 

New York University 

North Carolina State College 
Ohio State University 

Oregon Agricultural College 
Pennsylvania State College 
Polytechnic Institute of Brooklyn 
Purdue University 

Rensselaer Polytechnic Institute 


Armour Institute of Technology 
Brown University 
Bucknell University 
California Institute of Technology 
Carnegie Institute of Technology 
Case School of Applied Science 
College of the City of New York 
University of Cincinnati 
Cornell University 
Drexel Institute 
Georgia School of Technology 
Johns Hopkins Universit) Rutgers College 
University of Kansas Stevens Institute of Technology 
University of Kentucky Agri. and Mech. College of Texas 
Lafayette College Tufts College 
Lehigh University Virginia Polytechnic Institute 
Lowell Textile School Worcester Polytechnic Institute 
University of Maine Yale University 
SociAL EVENTS AND EXCURSIONS 

eeting furnished its usual quota of valuable opportunities 
for good-fellowship. Although the President’s Reception, usually 
held on Tuesday evening, was held this year on Monday, it was 
exceedingly well attended and an enjoyable evening resulted. 
The informal dinner and smoker on Tuesday evening gave the de- 
sired opportunity for the men to get together, and on Wednesday 
afternoon the ladies served tea. The dinner dance Thursday night 
was a success from every point of view. 

Throughout the week an enthusiastic and capable ladies, com- 
mittee was in attendance at the building and large groups of visitors 
were taken to the Museum of Natural History, to a private gallery 
of modern American paintings, to inspect the Pictorial Review 
building, the Hecksher Foundation and the Museum of the 
American Indian, and to a Fashion Show at Wanamaker’s, where 
tea was served 

The more technical excursions included visits to the Hell Gate 
Station of the United Electrie Light and Power Company, the 
Broadcasting Station WEAF of the American Telephone & Tele- 
graph Company, one of the automatic exchanges of the New York 
Telephone Company, and the plant of the Wheeler Condenser 
Company at Carteret, N. J. Large groups visited the MeGraw- 
Hill building for luncheon on Thursday, and the Battleship Mary- 
land at the Brooklyn Navy Yard on Friday. A very interesting 
demonstration of the Christie amphibious gun mount was held on 
Tuesday afternoon, when this new device traveled over smooth 
roads on wheels, over broken country on its caterpillar tread, and 
then propelled itself across the Hudson. 
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Refrigeration Session 


"HE FIRST technical session of the meeting was held jointly 

with the American Society of Refrigerating Engineers, on 
Monday afternoon, December 4. Harry Sloan, President of the 
\.S.R.E., presided over a program of two papers. In the first 
paper, on the Design of Cooling Towers, C. S. Robinson! the 
author established a general principle applicable to cooling-tower 
design and derived equations for the use of the design. Extended 
discussion’ as to the practicability of the paper was submitted by 
Barton H. Coffey,? L. A. Phillips* and W. 8. Grosvenor.‘ This 
paper will appear in abstract with the discussion in a later issue of 
MECHANICAL E-NGINEERING. 

The second paper, by Percy Nicholls,® on the Economic Thickness 
of Insulation in Refrigerating Field, appeared in the December issue 
of Refrige rating Enaineering. In this paper the author defines 
economic thickness for refrigeration as that which will reduce to a 
minimum 
the insulation plus the expenses of prevention 


the sum of the expenses due to heat passed through 
The author dis- 
cusses the factors entering into this definition, proposes a formula 
for determining the economic thickness of insulation, and points 
out some of Nicholls 
states that it has not been his purpose to recommend definite thick- 
ness but rather to establish a standard of reference and set out a basis 
of argument on which the figuring of thickness may be done 
Neither will it be worth while to attempt in most cases to introduce 
refinements in calculation since corresponding close values for the 
various constants cannot often be predicted. Fuel prices in th 
future may be different and the efficiency of operation will depend 
on how the plant isrun. It is, however, advisable to have an agreed 
standard method of computation to refer to in case of dispute, and on 
which to base practical rules, and if such agreement can be expressed 
as a definite formula, then the problem is reduced to fixing the values 
of the various symbols. 

In the discussion Prof. A. J. Wood® stated the advantage of plot- 
ting “‘cost-thickness” curves. For ease in simplifying calculations, 
Professor Wood suggested combining the factors of interest, de- 
preciation, maintenance, and taxes. He also suggested a chart to 
take care of surface effect and conduction of the structure inde- 
pendent of the insulation and to provide for that part of the year 
in which there are heat losses. He agreed with the author of th 
paper that the practical economic thickness is not an exact thickness 

C. H. Herter’ pointed out the difficulty of evaluating some of the 
factors in Mr. Nicholls’ formula and suggested some simple rules 
If the average plant where the cost per ton of refrigeration amount 
to about $2.50, he suggested the provision of 1 in. of pure cork 
board, or its equivalent, for every 15 deg. fabr 
air temperature difference. Where refrigeration is 
allow 1 in. per 20 deg. maximum difference, and where refriget 
maximum di 


its applications. In his conclusion Mr 


maximum air t 
very cheay 


ation is expensive allow 1 in. for each 10 deg 
ference. He also suggested that for 1 Sq. ft. of insulation it 
proper to pay up to one-fifth or one-fourth of the total cost per to 
of refrigeration. J. B. Starr® emphasized the need for consideratio 
of upkeep as a factor in cost of installation. 


Management Session 


"| HE MANAGEMENT Session, held Tuesday morning, Decen 
ber 5, furnished a further opportunity for a discussion 

the paper by L. P. Alford’ on Ten Years’ Progress in Manageme 
which had been discussed previously before a number of Loc 
Sections during Management week, October 16-21. R. A. Went 
worth, Chairman of the Management Division, presided over t! 
discussion as well as over the discussion of the paper by Walla 

1 Prof. Mass. Inst. Technology, Cambridge, Mass. 

2 Chief engr., The Cooling Tower Co., New York 

> Treasurer, Cooling Tower Co., New York. 

4 Consulting chemist, New York. 

5 Research Laboratories, Amer. Soc. of Heating & Vent. Engrs., Bure 
of Mines, Pittsburgh, Pa. 

® Head Dept. M. E., 
Mem. Am.Soc.M.E. 

? Refrigerating Engr., Brunswick-Kroeschell Co., New York. As 
Mem. Am.Soc.M.E. 

8 President, Starr Engrg. Co., New York. 

* Editor Management Engineering, New York City. 


Mem. Am.Soc.M.! 


Pennsylvania State College, State College, | 


Mem. Am.Soc.M.E. 
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Clark on Relieving Industry of Burden, and the presentation of 
Progress Reports by the Committees on Standards for Graphics 


a ad 


and Standardization of Terminology. 


In introducing the discussion on Alford’s 


aper, Fred J 

q : paper, Fred 
Miller' expressed the thought that the most important progress 
in the ten-year period cannot be measured nor weighed as it is 


manifested mainly in the changed attitude of mind shown in thi 


4 ] { } ] , } f 
installation of management methods by the promotion of coéper- 


ation instead of the arousing of opposition and antagonism 
Dr. H. 5 


Person? stated as his opinion that the real measure of 


progress In management would be an analvsis of the existence of 
the combination of the various management mechanisms listed 
in the re port which he thought to be impossible at present He 


also thought that the greatest measure of advance in m inagement 


i more or less but very real thing, is a new point of view, 
“wey 
i new method ol 


J P Jordan 


ind emphasized that it is an 


approach by management 


combated the idea that cost control is a mech 


Anish 


absolutely indispensable organ of en- 


] 1+ 


igntene d management He decried the fact that man igement had 


importance of cost control 


failed to recognize the 
Dean Dext 


rs 


Kimball told of his experience in establishing 


1 course of instruction for the fundamentals of management which 
he believed will be much more clearly understood during the coming 
vears 

Dean R. L. Sackett 


ment has been accompanied by the development of administrative 


pointed out that the advance in manage- 


engineering courses which are drawing the attention of students 
to the humanistic side of industrial engineering 

David B. Rushmore‘ emphasized the need for a true definition 
ol management He also spoke of the need for developing eX- 
ecutives along fundamental lines as a real constructive work for 
industry. 

L. W. Wallace’ expressed the hope that during the next ten years 
management would become more informed as to the fundamental 
economics involved so that they can be more intelligently placed 
before labor and the publie 

The paper by Wallace Clark* on Relieving Industry of Burden 

ppeared in the December issue of MECHANICAL ENGINEERING 
his discussion Dr. Person expressed the feeling that it is impor- 
nt that the problem of relieving industry of burden be treated from 

e social point of view, which must consider the internal forces 
which the 
inagement is sometimes almost helpless unless they may be 
dified by effort. Dr. Person pointed to the 
with the economists at this Annual Meeting as a hopeful 

that the 
Joseph E. Pogue® defined the major problem for the management 

the formulation of an industrial policy which will 
juire technical proficiency and economic insight involving not 


it impinge upon the individual plant and against 


conce rted joint 
sslon 
engineer broaden his 


Is attempting to viewpoint 


rneer as 


a coordination and control of the internal components of the 
lustrial units but also a synchronization of this unit with the 
| lustry at large. The big job for the future is to learn how to 

lore and control the industrial 
t, inter-company, and 
easured and neglected, cause. the major inefficiencies in ou 
istrial system 


interstices—the inter-depart- 


nter-industry spaces—which now, 


red J. Miller emphasized the importance of perfecting adminis- 
ve methods first and spoke especially about the reduction of 





ntories by reducing manufacturing time, one of the 
sed in Mr. Clark’s paper. The reduction of manufacturing 
can be brought about by proper planning and routing, and by 
e codperation on the part of all individuals in the plant. 


} 


hn Younger.! 


points 


speaking from the point of view of the manu- 


New York City 
naging Director, Taylor Society, 
n. Indust. Engr., New York City. 
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ean of Engineering, Penn. State College, State College, Pa. 
ns Engr Gen. Elec. Co.., Schenectady, N. Y. Mem. Am.Soc.M.E 
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lacturer, emphasized the importance ol external industri 


n- 
ditions effecting idleness in a specifie plant. 

L. W. Wallace stressed the responsibilit Ol manulacturers to 
secure facts as to the need for a given commodity before ney 
is invested in factories to manufacture this modity 

John J. Swart representing the A.S.M.E. on the Joint Committe 
on Standards for Graphics, presented a progress report The Com- 
mittee has | omplete bibliography prep rt 
been ce preparation of definitio | g 
ind the presentat of chart forms \ qu 

Cl { it i i CTapinit ind 1 ore if i 
terial ha eived 

i. k. Tow ( urman of the Joint Committee on M 
Terminolog presented a progress report for this Committe 
vhich was included classification of management literature in 
wecordance W e Dew Decimal System. The general sub- 

ct of classificat given consideratior nd it is - 
ensus of opini ication procedure should 9 l 
ind changed as occasior vVarrants 

Session on Ash Handling 
4 hs MATERIALS Handling Division arranged the program 
Lor the Pesslol oO! Ash Handling on ‘Tuesday, December 


5, over which H. V. Coes, Chairman of the Division, presided 


The program consisted of a paper by John Hunter and Alfred 
Cotton which described systems of ash handling for marine and 
stationary work. The discussion presented some added ma- 


terial about ash-handling methods which was of particular im- 
portance as an expression ol the point of view of operating engi- 
neers. An abstract of the paper with an account of the discussion 


will appear in the February issue of MEcHANICAL ENGINEERING 


Machine Shop Session 
jets! Machin« 


on Tuesday, December 5, at which F. O Hoagland, Chair- 
man of the Machine presided The paper 
by F. E. Cardullo Helical Involute 
Gearing for Use in Metal Planers appeared in abstract in the De- 
cember issue of MECHANICAL ENGINEERING. In the discussion 
of this paper F. K. Hendrickson‘ agreed with Mr. Cardullo as to 
the unquestionable gears for planer drives with 


papers were presented at the Shop Session 


Shop Division 


describing a new system of 


need of helical 
iarks and machine vibration 


of the heli 


consequent reduction in chatter n 


Mr. Hendrickson also spoke of the advantage il driving 


gear in reducing the tendency to lift when heavy cuts are being 
taken. Charles Meier’ expressed the opinion that Mr. Cardullo’s 
form of gearing increased the friction losses and end thrust He 


was also of the opinion that greater curacy may be 
in mounting this system of gearing. G. M. Eaton‘ 


with helical 


required 
spoke ol his 


gears on railway work, telling especially 


expt rience 
60,000 miles 


of one gear that after operation was superior to 


A spul gear, alt] ough t] e drive posse ssed less effic ency 
Mr. Estabrook’s paper on Testing Involute 
MEcHANI 


discussion on it follows thereafter 


Spur Gears appears 


in abstract in this ENGINEERING and the 


issue of 


The paper on Spherical Gears by Charles H 
full in the MECHANICAI 
was no discussion on this paper 


Logue appeared in 


There 


November issue of ENGINEERING 


The remaining papers were by Walter Ferris,’ on Application of 
Hydraulic Transmission Variable Speed Drive to Machine Tools 
and Manufacturing and by Fred A. 
Power Required for Removing Metal. Mr. Ferris’ paper will be 
abstracted in a future issue of MECHANICAL ENGINEERING and will 
Mr. Parsons’ 


Processes, Parsons® on the 


be accompanied by the discussion paper appears In 


abridged form in this issue. 
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Session on Education and Training 


AT THE Session on Education and Training for the Indus- 
44 tries held Tuesday, December 5, the program was presided 
over by W. W. Nichols, Chairman of the Committee on Educa- 
tion and Training for the Industries. The presentation of the 
subject was in the form of a report of the Committee which was 
introduced by Mr. Nichols. The report itself consisted of three 
parts, one on Extension and Correspondence Schools, by James 
A. Moyer;' a section on Industrial Education as Represented in 
Schools, by C. R. Richards;? and the final section on Schools for 
Apprentices and Shop Training, by R. L. Sackett.* Each of the 
sections of this report were presented separately and discussed. 
The report of the Committee with a complete account of the dis- 
cussion will appear in the March issue of MECHANICAL ENGINEER- 
ING. 


Research Session 


A GROUP of five notable papers resulting from the activities 
44 of the Research Committee were presented at the Session on 
Tuesday afternoon, December 5, with Walter Rautenstrauch, 
Chairman of the Research Committee, as presiding officer. 

In his paper entitled A New Method of Determining the Effect 
of Speed upon the Strength of Gear Teeth, Wilfred Lewis‘ discussed 
the analytical work on this subject performed by Oscar Lasche, 
Professor Marx and C. H. Logue, and described a modification of 
his gear tester as a device for measuring exactly the relation of 
speed to pressure. This paper appeared in the December issue 
of MECHANICAL ENGINEERING. The discussion, which was con- 
tributed by Messrs. E. D. Church, Carl G. Barth and G. H. Marks 
substantiated the need for further investigation of this subject. 

The report of the Research Sub-Committee on Sudden Initial 
Pop Lift of Safety Valves removed the fear that a relatively large 
sudden steam discharge from the boiler or the sudden stopping of 
such a discharge may cause dangerous shock to the boiler. 

The Committee which was made up of P. G. Darling, Chairman, 
E. F. Miller, W. E. Jerauld, G. H. Clark, I. E. Moultrop, A. M. 
Houser, A. L. Fitch, and G. 8. Coffin, conducted two series of 
tests, one at Boston with the work carried on by three thesis men 
at the Massachusetts Institute of Technology, and one at Bridge- 
port. 

In the tests an extremely sensitive pressure indicator of special 
design was used which employed a thin diaphragm with a maximum 
allowable movement of 0.007 in. This diaphragm was balanced 
between the pressure of the steam or water in the boiler and an 
outside air pressure. Any change in pressure would cause a move- 
ment of the diaphragm which could be detected by a microphone 
or an electric light. In the Bridgeport, tests which were conducted 
on a 94-hp. B. & W. water-tube boiler at 300 lb. pressure, the Com- 
mittee selected four points at which shock on sudden relief of steam 
would be most likely to occur as follows: 

a At the upper or front ends of the tubes where the water 
in circulating takes nearly a right-angled turn into the 
front header 

b At the top of the front header where it enters the drum 

e Against the headers of the drum 

d At the middle of the drum. 

The quick-opening test valve was arranged so that the discharge 
of steam could be varied from six to seventeen times the capacity 
of the valve assigned in the A.S.M.E. Boiler Code. The test 
showed, however, that even with steam discharging from the valve 
at the maximum rate of 95,000 lb. per hr. there was no indication 
of change in pressure from any of the four pressure indicators. 
The closing paragraph of the report is as follows: 

This investigation might be continued with prolonged trials on different 
types of boilers, under different conditions of steaming, and with additional 
points of attachment for the diaphragm indicators. However, considering 
the fact that no degree of pressure increase or shock whatever has been 
detected under the severe steam-discharge conditions tried, we believe that 

1 Director State Dept. University Extension, Boston, Mass. Mem. Am. 
Soc.M.E. 

2 Director, Cooper Union, New York, N. Y. Mem. Am.Soc.M.E. 

3 Dean of Engineering, Pennsylvania State College, State College, I 
Mem. Am.Soc.M.E. 

4 Pres. Tabor Mfg. Co., Philadelphia, Pa. Mem. Am.Soc.M.E. 
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it is extremely unlikely that any boiler conditions would be found so radi- 
cally different as to produce a shock. In other words, if a pressure-increase 
shock could be produced by any reasonable boiler operation, we believe that 
the conditions of our tests were representative enough to have detected at 
least some trace of such shock. 

The only discussion on this report consisted of expressions of 
relief that no conditions of shock were set up upon the opening of 
safety valves. 

The paper on Torsion of Crankshafts, by 8. Timoshenko,' resulted 
from the work of the Committee on Stresses Due to the Vibration 
of Shafting. This paper will appear in abstract in a later issue of 
MEcHANICAL ENGINEERING. There was no discussion. 

The two papers on flow of gases, one entitled The Effect of Pulsa- 
tions on the Flow of Gases, by Horace Judd? and D. B. Pheley,* and 
the other on Orifice Coefficients, by J. M. Spitzglass,* were related 
to the work of the Sub-Committee of Research on Fluid Meters. 
Abstracts of these papers with the discussion will appear in later 
issues of MECHANICAL ENGINEERING. 


Steam Table Research 


JROFESSOR A. G. Christie presided over an exceedingly 
interesting session on Tuesday afternoon, December 5, at 
which the problems and progress in research work were discussed. 
George A. Orrok, Chairman of the Executive Committee of the 
Steam Table Fund, told of his correspondence with physicists 
and engineers in France and England to secure interest in further 
research on this subject in those countries, and to develop all 
possible sources of information so that the tables when finally com- 
pleted will be ready for adoption internationally. Dr. Harvey 
N. Davis told of the work being carried on at Harvard on the 
Joule-Thomson effect and introduced Dr. R. V. Kleinschmidt 
who is conducting this work. Dr. Davis also read a report from 
Dr. l'rederick G. Keyes, of the Massachusetts Institute of Tech- 
nology, who is preparing to handle one phase of the research. Dr. 
N.S. Osborne, of the Bureau of Standards, told of the preliminary 
study that is being made of the calorimetry of fluids as the basis 
of part of the program the Bureau of Standards will carry on 
The proceedings of this session are being more carefully prepared 
for publication at a later date. 


First General Session 


At THE First General Session Tuesday, December 5, at whic! 
> Arthur L. Rice, Vice-President of the Society, presided, 
three papers were presented. The first paper, by W. L. Wother- 
spoon,® on Refinery and Rolling Mill for Monel Metal at Hunt 
ington, W. Va., describes the steps taken in selecting the sité 
for the location of the mill. The paper also deais with the layout 
of the plant, emphasizing some features of design of particular 
interest. There was no discussion on the paper. It will appear 
in abstract in a future issue of MECHANICAL ENGINEERING. 

The second paper, by KE. W. Noyes® and H. V. Sturtevant 
entitled The Size of Dry-Vacuum Pump to Employ in a Giver 
Case, proposed a rapid method for this determination. Thi 
paper will appear in abstract in a later issue of MECHANICA 
IE-NGINEERING with the discussion thereon. 

A description of the Diesel Engine Used in German Submari: 
“U-117,” prepared by William H. Nicholson,’ was presented | 
L. H. Morrison. This will also appear in abstract in a later issu 
of MECHANICAL ENGINEERING. 


Session on Stokers 


‘THE STOKER Manufacturers’ Association coéperated wit 

the Fuels Division of the A.S.M.E. in preparing the progra 
of the Symposium on Stokers which was held Wednesday mor 
ing, December 6. Professor Breckenridge presided over t! 
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presentation of the following papers: Development and Use of 
the Modern Chain Grate, T. A. Marsh: Overfeed Stokers of the 
Inclined Type, G. I Design and Operation of Underfeed 
Stokers, H. 1] and Chronological History of Stoker 
Development to the Present Davy, A. H. Blackburn The first thre 
of these papers are abs pages 14 to 21 in this 

MECHANICAL ENGINEERING followed by the discus 


Bouton: 
Lawrence: 
tracted on issue 


and are sion 


Railroad Session 


Vol UMINOUS discussion was brought out at the Session of thi 
Railroad Division on Wedn sdav, Decembe r 6 James 
Partington, Chairman of the Railroad Division, presided over the 
presentation of three papers, one by G. H. Hartman! on Steam 
Distribution in the Locomotive, one by F. H. C. Coppus? on Me- 
chanical Draft for Locomotives, and one by R. Eksergian® on 
Stresses in Locomotive Frames 
Mr. Hartman's paper appeared in abstract in the December issue 


O. W. Young! submitted a lengthy 
team distribution accomplished 
He came to the 


onclusion that there is a practical necessity in locomotive engines 


of MECHANICAL I-NGINEERING 


written discussion in defense of the 
y locomotive valve gears of all recognized designs 
for moderately large cylinder clearance, variable points of release 
ariable points of closure and variable points of pre-admission 
He presented an indicator diagram showing steam distribution by 
Pilliod valve and the 
ilve, and questioned whether the 


omparing the results of the conventional 


factors determining cutoff 


ise, etc., will not necessitate the readjustm¢ nt ol valve events 
approximately the same points in the cycle that existing loco- 
In closing he stated that 


practical refinements in locomotive steam engines must be limited 


itive valve gears now place them 
to greater accuracy in registering valve events for prolonged service 
periods and increased port and passage areas proportioned to in- 
reases in cylinder sizes 
J. J. Jones® stated that in his opinion the defects of the locomotive 
lve gear are much exaggerated. He questioned whether any 
provements in the device described by Mr. Hartman would be 
ficient to warrant the additional cost of the device. 
\fter a brief review of the steps in the progress of steam-loco- 
tive development, L. D. Freeman® stated that by no line of 
oning can the quality of the steam entering the cylinder have 
bearing upon the events produced by purely mechanical 
movement of the valve arrangement. Mr. Freeman suggested as 
proper steps in improving locomotive cylinder performance the 
iration of the action of the steam side of the valve from the ex- 
haust side and the adjustment of the steam clearance space to 
perly absorb the inertia of the reciprocating parts. 
Hi. B. Oatley’ criticised the author’s derogatory treatment of 
es, feedwater heating and superheating and presented a table 
g g the per cent of water and fuel saving for superheated steam 
veral temperatures for various cutoffs and pressures as com- 
I | with dry saturated steam. Mr. Oatley called attention to 
ict that in spite of the large amount of heat required to pro- 
duce a pound of superheated steam over that required to produce 
ind of saturated steam, the net savings are more than could be 


. ted from any change of steam distribution. 
Hf. H. Vaughan* questioned the treatment by Mr. Hartman of the 
subject of cylinder condensation and the effect of clearance. Mr. 


Vaughan called attention to the large amount of experimental and 
etical work which has been done on the locomotive in the past 
twenty years which does not seem to be reflected in the statements 
in Mr. Hartman’s paper. 

R. C. H. Heck® compared the Pilliod valve to the old Meyer gear. 
The paper by R. Eksergian on Stresses in Locomotive Frames is 
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a preliminary analysis of the major reactio1 prougut on the loco- 
motive trame as well is ot the nature o Irame ction as regards 
variation of bending moment, shear, et r definitel ipported 
types of trame The rst section ¢ eC} Cl I 1 i 
of t rit ethods of equalization, s] g g the 
of cab suppor ctric locomotive | C- 
tion «ce imics of the ste e tl 

riath ort i quantitative estig I 
cill Lior detall | her , 
the variati ds and jour bye t 
Phe ot { I ith electri i 

r rea cht the frame I} ( f 
dy1 ide-rod drive ch d ~ 
the previ I le-rod loads tea | 
next se t dynamics Ol braking hange in ik 
on the equalization and the reactions brought on the frame Ir 
this section ! 1a brief discussion of bumping loads and dy- 
namical loads on the drawbat Finally the nature of the lateral 
reaction nd the imics of lateral oscillation entering a 
curve, et re discussed, a short recapitulation of the static reac- 
tions while on a curve being also given 

Due to delay in the preparation of advance copies of this paper 
it Was not possible to secure proper discussion on such a highly 
complicated subject It is planned to have the paper submitted for 
discussion at later meeting 

W. E. Woodard,' Chairman of the Research Committee of the 
Railroad Division, emphasized the importance of the paper as the 
basis for experimental research on frame stresses. Other comments 
were made by A. H. Houston, George M. Eaton, Selby Haar, 
Clement F. Street, and W. E. Simons 


Mechanical Drafting of Loco- 
paper will appear in 
t ol the adis- 


The paper by F. H. C. Coppus or 
motives was also well discussed This 
MECHANICAL ENGINEERING with an abstrac 


issue ol 


Cuss1on. 


Second General Session 


"HE SECOND General Session of the meeting was held on 
Wednesday morning, December 6, under the chairmanship of 
Walter 8. Finlay, Jr. Three papers were presented. 
Cylindrically Shaped Rotors of Uniform Diameter, by C. M. Laffoon, 
developed a general theory and analyzed mathematically the 
stresses in cylindrical rotors of uniform diameter such as are com- 
This paper 
with its discussion will appear in complete form in Transactions. 
The second paper, on the Design of Flywheels for Motor-Driven 
Impulse Machines, prepared by C. O. Rhys,* was presented by 8. C. 
Stovall, of Atlanta. In his paper Mr. Rhys analyzed the torque 
and speed curves for such machines and derived expression by 
which the characteristics of these curves may be determined. This 


Stresses in 


monly associated with different classes of machinery. 


paper with its discussion will also appear in Transactions. 

The paper, on Stress Distribution in Electric-Railway Motor 
Pinions, by Dr. Paul Heymans‘ and A. L. Kimball, Jr.,° described 
the photo-elastic method by which this stress is determined. The 
paper also reported and discussed the causes of rupture of geay 
pinions in electric railway motors. An abstract of this paper with 
discussion will appear in the February issue of MECHANICAL ENG! 
NEERING. 


Power Session 


PVE papers were presented at the Power Session on Thursday 
morning, over which John H. Lawrence, Chairman of the Power 
Division, presided. The paper on The Commercial Economy of 
High Pressure and High Superheat in the Central Station, by Geo. 
A. Orrok, appeared in MecHanicaL ENGINEERING for December. 
A running account of the discussion of this paper is given below. 
The paper by Linn Helander on Feed Heating for High Thermal 
Efficiency will appear in the February issue of MecHanicau EnaI- 
1 Vice Pres. Lima Loco. Wks., New York City, Mem. Am.Soc.M.E. 
2 Power Engrg. Dept., Westinghouse Elec. & Mfg. Co., East Pittsburgh, 
rs Georgia School of Technology, Atlanta, Ga. 
4 Mass. Inst. of Tech., Cambridge, Mass. Assoc-Mem 
& Genl. Elec. Co., Schenectady, N. Y. 
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NEERING, but a brief abstract of the paper and discussion is included 
in the present account of the meeting. An extended abstract of 
Paul W. Thompson’s paper giving the results of tests on different 
types of baffling in a Type W Stirling boiler appears in this issue 
and is followed by an abstract of the discussion it elicited. The 
papers by Sabin Crocker and 8. 8. Sanford on The Elasticity of 
Pipe Bends and by B. N. Broido on High-Temperature and High- 
Pressure Steam Lines, together with the discussions thereon, will 
appear in abstract in future issues. Mr. Broido’s paper was 
presented by title and will be discussed at the January 4 meeting 
of the Metropolitan Section, A.S.M.E. 


Discussion OF Paper BY Geo. A. OrROK ON THE COMMERCIAL 
Economy Or HiGH PRESSURE AND HIGH SUPERHEAT IN THE 
CENTRAL STATION 

The discussion of Mr. Orrok’s paper and its appendices on the 
properties of metals at high temperature and the cost of piping 
materials by W. 8S. Morrison, was opened by John A. Stevens' who 
presented by means of lantern slides data on the influence of coal 
cost and load factor on the efficiency and first cost of a power 
plant. Comparing a refined design, 15,000 B.t.u. per kw-hr., 
with an original design, 20,000 B.t.u. per kw-hr. and costing $100 
per kw., his figures showed that with a 40 per cent load factor the 
increase in permissible cost in the refined design varied from 6.9 
per cent with coal at $2 per ton to 69 per cent with coal at $20 per 
ton, while these percentages would be 10.3 and 103.3 if the load 
factor were 60 per cent. 

Henry B. Oatley? questioned the correctness of assuming a tur- 
bine efficiency of 78 per cent with pressures as high as 1200 lb., 
saying that the increase in density at this pressure would result 
in greater friction losses in the turbine. He also pointed out that 
the specific heat transfer from the inner wall of a superheater to 
the steam decreased with the density and velocity of the steam. 
It was therefore not possible, he wrote, to produce a total steam 
temperature of 1100 deg. without considerably increasing the 
temperature of the metal tube wall. The only known means of 
holding down the excess of metal temperature was the employment 
of much higher steam velocities and pressure drops, the use of small 
tubes, and the restratifying of the steam during the superheating 
processes so as to mix the denser core with the more rarefied stratum 
in contact with the tube wall. 

C. H. Smoot,’ in a written communication, compared the relative 
advantages of increased pressure versus increased temperature and 
showed that at present the greater advantages lay with the former. 
He also pointed out that the regenerative cycle should be given more 
careful study. In his opinion the present type of turbine was not 
suited to this cycle, and his reasons formed a part of his discussion. 
He thought that an extension of our knowledge of the properties 
of steam at high pressures might indicate an even greater improve- 
ment in thermal economy by the use of high-pressure saturated 
steam than was now deduced from our inaccurate data. 

Walter J. Wohlenberg‘ presented a written discussion which 
included a revised table of results (author’s Table 1), the compari- 
sons in which were based on the single-stage regenerative or heat- 
balance cycle of the modern power plant instead of the Rankine 
cycle used by the author. 

I. EX. Moultrop® said that while he was not as optimistic as the 
author that the manufacturer would be able to build apparatus for 
such high pressures as those considered in the paper, he did feel 
that the boiler and turbine could be built without great difficulty. 
The piping and valves between these two units, he said, would give 
considerable trouble. He concurred heartily with the author’s 
fourth conclusion that there was more economy to be gained by 
close study of operation and construction losses than in an attempt 
to increase widely the temperature range of heat cycles. 
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Peter Junkersfeld' said that the final question with any central 
station was always, Does it pay? In discussing the curves of the 
author’s Fig. 2, especially that called ‘Extra fixed charges per kw- 
hr.,”’ he showed that the determining factor of this item was the 
generator capacity factor. This factor, which was the ratio of 
the actual output to the possible output of a steam turbine as rated 
and all its accessories when averaged over a period of years, was 
much less than usually supposed, especially among central stations 
which had a substantial annual average increase in output. 

An examination of the experience of 7 companies with 14 power 
stations and 92 steam turbines, aggregating 1,730,000 kw. rating, 
showed that in substantially the same 12 months’ period one had 
had an average generator capacity factor on all its turbine units of 
44 per cent and another of 25 per cent. The extra fixed charges 
per kw-hr. for the latter would be almost double that for the former. 

An average experience curve for these 7 companies, all in large 
and growing cities, indicated a capacity factor of about 58 per cent 
on turbines one vear old and 30 per cent or less on turbines ten years 
old. 

The falling off with age of the capacity factor of turbines reflected 
good operating procedure with improved equipment in the successiv« 
installations. The fact that only one company operated its one- 
year-old turbines at 77 per cent, another at 52 per cent, and the third 
at only 23 per cent, and that the average of 10 turbines 2 years old 
operated by 6 companies was only 50 per cent, indicated that there 
was still very great room for improvement in construction and op- 
eration of equipment with what might today be called moderat: 
pressures and superheat. 

In all of the foregoing, wherever reference was made to turbin 
experience it meant not only the turbine proper, but also on on 
end the condensing equipment, piping and other mechanical ac 
cessories, and on the other end the generator, the excitation, the 
switching equipment and other electric accessories. 

The development toward higher steam pressures and superheat 
had been under way many years and would inevitably continu 
It should be given every reasonable encouragement consistent wit 
established scientific facts and sound economic possibilities. | 
should be remembered however that this development in the pas 
in a broad and overall aspect had tended toward lower constructi 
as well as lower operating costs of the station. The developme: 
now immediately before us seemed to tend toward higher costs « 
construction and of operation with the exception of fuel. It thu 
would become even more necessary than heretofore to determi 
proper balances between fuel saving and what Mr. Orrok had called 
“extra fixed charges per kilowatt-hour.”” The latter was, therefor 
particularly important and especially because experience had show 
that it varied so widely from turbine to turbine from station 
station, from company to compnay or city to city and from year | 
year. 

A. M. Houser® presented a written discussion in which he pointed 
out that the values given by the investigations by Crane Co. « 
cast steel should be considered conservative. 

Henry D. Hibbard’ sketched briefly the Lehavior of boiler stce! 
when subjected to increase of temperature. The paper, he sa 
gave a partial résumé of the properties, at elevated temperatu! 
and for a limited time, of metals which would be employed in super- 
heated-steam containers contemplated by the paper, but no o 
so far as he knew, had investigated how the properties of such 
metals would be affected by long use in boilers for making hig 
superheated steam and in apparatus for handling it. 

V. T. Malcolm‘ contributed an illustrated discussion, too 
tensive for abstract here, on metals for valves. 

D. 8. Jacobus® said that, speaking from the boiler maker's 
standpoint, pressures up to 1200 and even 1500 lb. might be 
tained, whereas there were special features of design that had t 
be carefully considered when it came to the construction of a unit 
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of large size for power-plant work and no large-sized units for these 
pressures had so far been constructed. He agreed with Mr. Orrok 
that temperatures up to 750 deg. should not be exceeded. He 
spoke of the difficulties of designing fittings, particularly flanges 
for such pressures and expressed.the opinion that it would seem 
best in the design of flanges to make the bolts the weaker element 
as in case of overstrain they could be readily replaced, whereas 
should the bolts be made strong enough to dish and distort the 
flanges, the flanges would have to be replaced. He also stated the 
need of data to show whether the elastic limit of steel at high tem- 
peratures would be permanently elevated in the case of an overstrain 
in the same way as at ordinary temperatures. Experiments on 
this feature would be most useful. He reviewed the experiments 
on high-pressure boilers made by Perkins and published in a book 
by Galloway in London in 1830. 

H. L. Whitney! said that there had been built and kept in operation 
for over two years a pipe line on 1500 Ib. and 850 deg. fahr. The 
largest point was 36 in. in diameter. There was no trouble with 
steam piping from increased pressure he, said, if the temperature 
was kept below 700 deg. fahr 

Robert Cramer?* pointed out the relative theoretical advantage 
of raising pressure rather than temperature 

Max Toltz® said that there was a middle course between high 
and low pressures and temperatures of steam which was to be found 
He had seen an 
experimental plant in Kurope in which the economies were very high. 


in the use of resuperheated steam between stages. 


Francis Hodgkinson‘ said that manufacturers were embarrassed 
by lack of standards for pipes for the higher pressures and urged 
the Society to undertake the formation of such standards. He 
thought that the tendency to use alloy steel for bolts was unfortu- 
nate because of the danger of mixing such bolts with those of com- 
mercial steel when dismantling machinery. 

Nevin E. Funk® spoke of some of the difficulties of operating a 

igh-pressure power station 

Oscar F. Junggren® said that the discussion of high pressure was 
not new. As had been said, if high pressure did not pay it Was 
iseless. There had been in the past a gradual increase in pressures, 
each accompanied by a development of apparatus, and every in- 

rease had paid so far. Why, therefore, doubt that there could 
further gain? Until some one gave higher pressures a trial, 
he said, no one could know what the efficiencies might be 

T. E. Keating’ wrote that granting that the gains in individual 

pparatus, desirable as they might be, must be relatively small, 

en improved thermal efficiency of steam stations must depend 
upon: 

1 The use of regenerative cycles which would divert from the 
turbine the latent heat of part of the steam, thus reducing 
the losses to the condenser 

2 The use of heat-reclaiming apparatus for eliminating losses 
in the flue gases 

3 The utilization of a greater range of the heat cycle. 
Referring to the paper by Messrs. Orrok and Morrison, and 
ticularly to the appendix including test data on metals under 
temperatures, it was evident, he wrote, that an increase of the 

perature range was today more of a problem for the chemical 
| physical laboratories than for central stations, as modern sta- 


tions had nearly reached the limits for materials now commercially 
icable. 
ie use of the high pressure range of 1200 to 1500 lb. suggested 
by the paper, he wrote, would require some new principles of tur- 


design, as with present designs it was probable that a greater 
f ency would be obtained with 500 Ib. pressure and 280 deg. 
rheat than with 1500 lb. and 150 deg. superheat, both condi- 

being equivalent to a total steam temperature of approxi- 
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mately 750 deg. The selection of a proper pressure and temperature 
depended upon combined commercial and engineering judgment 
applied to the problems surrounding the particular station involved, 
but a discussion of this factor would be of value 


DIscUSSION OF PAPER BY LINN HELANDER ON FEED HEATING FOR 
High THERMAL EFFICIENCY 


In order to make the discussion intelligible to those who did not 
attend the meeting and who have not obtained a copy of the pam- 
phlet, we present the following brief summary of Mr. Helander’s 
paper 

The author investigates the problem of determining the correct 
feedwater temperatures for conditions of high thermal efficienc,s 
For illustrative purposes he bases his calculation upon several as- 
sumed stations of 25,000 kw. capacity using various methods of 
feedwater heating. The steam conditions assumed for all plants 
are steam pressure, 330 lb. gage; superheat, 200 deg. fahr.; vacuum 
on main unit, 29in. To illustrate the influence of factors such as 
the water rate on the main unit and the slope of the Willans line of 
this unit, the Rankine-cycle efficiency of the bled steam and the 
Rankine-cycle efficiencies of the house turbine, two cases—designated 
Case 1 and Case 2 respectively—are worked out for each arrange- 
ment of feedwater heating. In the various solutions arrived at by 
the author the feedwater derives its heat from three possible sources: 
a) the feedwater of the main unit is used as the condensing water of 
the house turbine, thereby absorbing all the heat in the steam ex- 
hausting from the house turbine; (6) steam is bled from the main 
unit in such quantities and at such temperatures as to increase the 
amount of heat delivered to the feedwater by the house turbine, 
and (c) before entering the boiler the feedwater may pass through 
the economizer. 

Under Case 1 the Rankine-cycle efficiency for the bled steam 
based on the steam pressure on the turbine side of the throttle was 
approximately 67 per cent, the slope of the Willans line was 12 lb. 
per kw-hr. and the water rate of the main unit when carrying the 
gross station load was 10.6 lb. per kw-hr. The combinations of 
feedwater heating investigated under Case 1 included single- and 
double-stage heating and were as follows. For single-stage heating 
(a) no economizers, no bleeding, 1600-kw. house turbine, (6) no 
economizers, bleeding, 650-kw. house turbine; (c) 50 per cent econo- 
mizer surface, bleeding, 650-kw. house turbine; (d) 100 per cent 
economizer surface, bleeding, 650-kw. house turbine. The greatest 
thermal efficiency is obtained with the last of these combinations 
and at a feed temperature of approximately 180 deg. fahr. 

For double-stage heating and for approximately the same com- 
binations of apparatus supplying the heat, with the exception of 
the substitution of a 1400-kw. house turbine for the 1600-kw. tur- 
bine and of economizers of slightly different area, the same general 
conclusions are drawn: that is, that the best combination is obtained 
with the maximum economizer surface, the maximum amount of 
bled steam, and the smaller house-turbine unit. For the cases 
investigated the feedwater temperature for best economy lies be- 
tween 180 and 220 deg. fahr. 

Single-stage, double-stage, and four-stage heating are worked 
out for Case 2 in which the Rankine-cycle efficiency of the bled 
steam is 80 per cent, the slope of the Willans line 9 lb. per kw-hr. 
and the water rate in the main unit 10.26 lb. per kw-hr. In general 
the same combinations of feed-heating apparatus were used with 
Case 2 and the results for single-stage, double-stage, and four- 
stage heating show that maximum economy is obtained with a maxi- 
mum economizer surface, a maximum amount of bleeding, and the 
use of the smallest house-turbine unit. The feedwater temperatures 
for Case 2 are for single-stage heating, 160 deg., for double-stage 
heating, between 160 and 200, and for four-stage heating, between 
190 and 220 deg. 

The author devotes two paragraphs to discussing the effect of 
air preheaters, but does not bring these effects into his numerical 
calculations. 

In conclusion he says that so many factors enter into the deter- 
mination of the proper feedwater temperature that figures deter- 
mined for one station should not be applied to another. The tem- 
perature should be lower for plants using single-stage heating than 
for those using multiple-stage heating and also should be lower for 
plants using economizers than for plants not using economizers. 
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Efficiencies of auxiliary apparatus as well as of the main generating 
units have their influence. If the feedwater temperature be raised 
much above 212 deg. fahr., factors incident to the use of pressures 
well above atmosphere in the auxiliary exhaust piping come into 
play. The proper feedwater temperature is dependent somewhat 
upon the initial steam pressure and temperature and on the tem- 
perature of the condensate, increasing as these increase. It is 
quite impossible, therefore, to determine, except within wide limits, 
feedwater temperatures applicable to all plants, and the purpose 
of the paper has been rather to indicate in a broad way the effect 
of feedwater temperatures on power-plant efficiency, leaving out 
the matter of costs, and to give some basis for estimating the 
sacrifice in fuel made to assure practicable operation of the feed- 
water-heating system as laid out for a particular station. 

The discussion of the paper was opened by George G. Bell! 
who said that about a year ago he had made a study of the heat 
balance of the Windsor Station of the West Penn Power Co. and at 
that time had determined 210 deg. to be the most economical feed 
temperature. The turbine was a 30,000-kw. G. E. unit, the boilers 
1450 hp. and the economizers had 8341 sq. ft. of surface. Two- 
stage and three-stage heating were studied after Mr. Helander had 
begun the preparation of his paper and the results, with economizers, 
of one-, two- and three-stage heating produced curves practically 
parallel with the author’s: about 1.75 per cent above. These results 
showed a saving of about one per cent, comparing two- with one- 
stage heating, and about one-half of one per cent, comparing three- 
with two-stage heating. The temperatures he obtained did not 
check as closely as those obtained by the author. They were, with 
economizers, 200 deg. fahr. for one-stage, 235 for two-stage, and 270 
for three-stage heating. Without economizers they were 265 deg. 
fahr. for one-stage, 290 for two-stage, and 310 for three-stage 
heating. The savings without economizers were about 1'/2 per 
cent between one- and two-stage, 0.8 per cent between two- and 
three-stage, and 0.5 per cent between three- and four-stage heating. 
These two studies, he said, would indicate that even with economizers 
the feed temperature should be at least 210 deg. fahr. 

T. E. Keating? read a discussion in which he said that it was 
somewhat surprising to find that in the application of economizers 
with 350 lb. boiler pressure and stage heating the most efficient 
temperature was close to 200 deg. fahr., as it had been rather gen- 
erally believed that the efficient use of economizers demanded a 
somewhat lower temperature. The use of multi-stage heating was 
receiving considerable attention, he said, in central-station engineer- 
ing, and its application involved many practical problems. He 
also discussed the question of the exhaust pressure at which the 
house turbine should be operated, and the preheating of air. 

W. M. Keenan* spoke of some studies of bleeding at one point 
which had been made in connection with a new Brooklyn station. 
The results were surprising in that they showed that the best point 
to bleed the turbine was not in the vacuum range, as had been 
supposed, but at about 25 lb. absolute pressure. Continuing the 
studies to include bleeding at two points showed that best conditions 
prevailed with bleeding at 12 lb. and 100 lb. absolute pressure. 

Prof. A. G. Christie‘ said that he was becoming convinced heat- 
ing should be done by the steam from the main unit and the power 
should be generated by it, thus doing away with the house turbine. 

Oscar F. Junggren' reiterated Professor Christie’s statement and 
pointed out a further advantage in bleeding the main unit in that 
the more congested low-pressure end of the turbine was relieved 
thereby. 

Francis Hodgkinson® said that he was surprised that the author 
had laid so much stress on the relations of the house turbine, be- 
cause the house turbine was not going to be used very much in the 
future on account of the greater efficiency of the main unit and the 
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greater efficiency of bleeding from it for feedwater heating. 

Nevin E. Funk! said that while stage heating might prove to 
be more efficient theoretically, it would involve greater complica- 
tions in the power plant. Simplicity made for more efficient oper- 
ation, and a scheme which had great theoretical advantages on 
paper might not prove so in actual operation because the human 
element would have to be considered. 

I’. H. Rosencrants* presented a written discussion in which he 
showed, using the author’s assumed condition, that the theoretical 
Rankine efficiency would be 35.35 per cent, while that of the Carnot 
cycle would be 40 per cent Assuming it possible to approximate 
the Carnot cycle as readily as the Rankine, he showed that the 
saving by attempting the former ideal would be 13.15 per cent com- 
pared to the latter. He spoke further of the tendency of many- 
engineers to ignore the superiority of the Carnot cycle over the Ran- 
kine. Accepting the figures given in the papers, he said, led one to 
question whether an economizer had a place in a central station of 
modern design with multi-stage bleeding, in view of the fact that 
a multi-stage bleeder heater system and additional boiler surface 
was likely to be less expensive than the economizer installation. 

C. M. Hardin*® wrote that every one concerned with steam- 
power generation realized that reliability was of first importance 
and must be obtained even at the sacrifice of plant efficiency and 
other requisite factors. Without discounting reliability, it was, 
however, vitally important that high efficiency be obtained. To 
obtain maximum plant efficiency every integral part of the station 
equipment must be of such correlative design and construction as 
would individually produce and maintain high efficiency. Stage 
bleeding from the main prime mover was, without question, the 
method that did give highest feedwater heating efficiency as com- 
pared to using the house turbine or other steam-driven auxiliaries. 
If stage bleeding should even in the slightest degree tend toward 
unreliability as regards continuity of service, the problem was to 
perfect the equipment used and allied with the scheme. 


Session on Standardization 


"| HE Session on Standardization, consisting of a program pre- 

pared by the Standing Committee of the A.S.M.E. on Stand- 
ardization with the codperation of the American Engineering 
Standards Committee, was held Thursday, December 7, with E. C. 
Peck, Chairman of the Standardization Committee, acting as pre- 
siding officer. 

The first paper, by William J. Eynon,‘ was a progress report on 
the Program for the Standardization of Paper and Printing Ma- 
chinery in which the new A.S.M.E. Committee on Printing Machin- 
ery is keenly interested. Mr. Eynon’s paper, which was presented 
by Winfield 8. Huson,® indicated the possibilities of standardization 
of printing presses, of which there were over two hundred sizes and 
styles in use today, and of folding machines with six hundred sizes 
and types. The first step in this simplification was a reduction in 
the number of sizes and grades of paper and Mr. Eynon told of the 
coéperative work being carried on by printers, printing-machinery 
manufacturers, lithographers, purchasing agents, and advertisers 
to secure the adoption of standard sizes of paper. 

R. E. Rindfusz* expanded one phase of Mr. Eynon’s paper by 
stressing the importance of reducing the number of items of paper 
as an important step in reducing idleness in paper-making ma- 
chinery. He also pointed out that the important field for standard- 
ization was that of grade and trade names. This lack of fixed 
grade meant a multiplicity of brands with little or no difference 
The addition of each brand of paper with its ramifications of color, 
sizes, weights and finishes meant an increase of 108 items wit 
consequent increased complications in paper manufacture. Mr 
Rindfusz commended the work of the Committee which wa 

1 Operating engineer, Philadelphia Elec. Co., 1000 Chestnut St., Phil 
delphia, Pa. Mem. Am.Soc.M.E. 

? Asst. M.E. Elec. Bond & Share Co., 70 Broadway, N. Y. Assoc-Mer 
Am.Soc.M.E. 

3 Ross Heater & Mfg. Co., Inc., 2 Rector St., N. Y. 

4 Chairman of Standardization of United Typothetae of America, Was! 
ington, D.C. 

5 Consulting Engineer, New York City. Mem. Am.Soc.M.E. 

® Secy., American Writing Paper Co., Holyoke, Mass. 
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carrying out the standardization program in a fair-minded, broad- 
gaged constructive manner. 

W. C. Glass' also emphasized the importance of standardization 
of grades of paper as a step toward simplicity in selection of paper, 
fairness in competition, and simplification in the manufacturing 
processes. 

I. A. Curtis* told of the coéperative work being carried on by the 
Bureau of Standards to secure simplification and standardization. 

F. B. Gilbreth® bespoke support for standardization in any field as 
a step in developing industry. Mr. Kalkoff told of the progress 
which had already been made in the standardization of type and 
stated that the over-equipment in the printing industry in New York 
State was about 75 per cent and throughout the country about 150 
per cent, because printers purchased special machinery to do special 
jobs, and when the jobs were finished the machinery was idle and 
might never be employed. W. Green emphasized the importance 
of standardization from the printers’ point of view. 

In his closing remarks Mr. Huson pointed out the importance of 
the printing industry and directed the attention of the engineering 
profession to its problems. He stated that the further develop- 
ment of this industry would challenge the skill and precision of the 
trained mind and indicated that the function of the Committee on 
Printing Machinery was to bring the engineering point of view to 
the assistance of the industry. 

The paper on Size Standardization by Preferred Numbers, by 
Messrs. C. F. Hirshfeld‘ and C. H. Berry,’ which appeared in the 
December issue of MECHANICAL ENGINEERING, brought out a very 
heavy discussion. The points developed therein require very 
careful editorial consideration and a more complete résumé of it 
will appear in a later issue of MECHANICAL ENGINEERING. Written 
liscussions were submitted by C. G. Barth, Buckner Speed, F. O. 
Hoagland, L. D. Burlingame, L. B. Tuckerman, E. R. Hedrick, A. E. 
Kennelly, B. M. Eaton, E. H. Rigg, W. A. Durgin, W. A. Del Mar, 
Major G. F. Jenks, C. J. Oxford, R. Trautschold, and E. Buckingham. 
Those orally discussing the paper were F. B. Gilbreth, A. L. 
DeLeeuw, W. H. Timly, and Alfred B. Carhart. 

Safety Engineering 
‘HE American Society of Safety Engineers joined with the 
Safety Codes Committee of the A.S.M.E. in the preparation 

the program for the Session on Thursday morning, December 7, 

voted to Safety Engineering. John W. Upp, Chairman of the 
Safety Codes Committee, presided, and the following papers were 

sented: Safety Codes, M. G. Lloyd; Safety Engineering in 
Connection with the Compression of Gases, A. D. Risteen; Safety 
Codes for Grinding Wheels, G. E. Sanford; and Some Hazards of 
Logging Industry, John A. Dickinson. These papers will 

ear in abstract in a later issue of MECHANICAL ENGINEERING. 


Ordnance Session 


\ ’ THE Session on Ordnance held Thursday afternoon, Decem- 
. ber 7, with Waldo H. Marshall, Chairman of the Ordnance 
Division, in the Chair, two papers recording wartime ordnance 
manufacturing experience were given. R. A. Vail’ presented a 
paper on Methods Used in Manufacture of Gun Recoil Mechanism, 
and J. B. Rose’ one on Machining and Lapping Very Deep Holes. 
An abstract of Major Rose’s paper appeared in December Mrecuant- 
CAL ENGINEERING. An abstract of Mr. Vail’s paper with the discus- 
sion on both papers will appear in a later issue. 

On Tuesday, December 5, members of the A.S.M.E. witnessed 

ionstration of the Christie amphibious gun mount and as a 

il feature of this session, motion pictures of the demonstration 

V shown. In addition, the War Department displayed pictures 
torized artillery and modern types of guns. 
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Soc. ME, 
Major, Ord. Div. U. S. A. War Dept. Fort Leavenworth, Kan Mem 
Am.Soe.M.E 
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Aeronautic Session 


JROF. E. P. Warner, Secretary of the Aeronautic Division, 

presided at the session on Aeronautics on Friday, December 7, 
at which the following papers were presented: Influence of Design 
on Cost of Operating Airplanes, Archibald Black;' The Airship 
for Long Haul Heavy Traffic Service, R. H. Upson;? and Air Navi- 
gation by R. W. Willson’ and M. D. Hersey.‘ Mr. Black’s paper 
appeared in the December issue of MecHanicaL ENGINEERING, 
\bstracts of the other papers and discussion upon them will appear 
in a later issue 


Forest Products Session 
()* Thursday afternoon, December 7, Robert B. Wolf. Vice- 


President of the Society, presided at the Session on Forest 
Products. The following papers, which will appear in abstract in 
a subsequent issue of MECHANICAL ENGINEERING, were presented 
New Factors Which Are Influencing Woodworking Machinery 
Design, 8. Madsen;' Control of Lumber-Cutting Waste and Pro- 
duction, C. M. Bigelow;* Some Engineering Aspects of the Design 
of Musical Instruments, W. B. White;? Lumber Dry Kilns, Thomas 
1). Perry;* and Lumber Standardization, F. F.-Murray.® Mr 
Bigelow’s paper is published in this issue and the other papers will 


appear in later issues 
Boiler Code Hearings 


[HE BOILER Code Committee held two hearings during the 
Annual Meeting. One on Monday morning, December 4, 
was devoted to the revision of the Code for Power Boilers. <A 
number of gro Ips entered into animated discussion of some of the 
features of the proposed Code. The safety-valve manufacturers 
discussed the limitation of the blowdown and multiplex casing; 
manufacturers of boilers for the oil country asked that the diameter 
of the dome be restricted to not less than 60 per cent; stamping 
was brought up by representatives of state and municipal inspectors; 
and there was also a discussion on the thickness of pipe walls. 
Although the Code for Unfired Pressure Vessels was not thrown 
open tor discussion, there were a n imbe r present interested and 
thev were given an opportunity to advance their views. 
The hearing on Tu sdai December 5, on the Code for Low- 
Pressure Heating Boilers was taken up largely by protests against 


the requirement for preheating seams to be welded. 


Hearing on Power Test Codes 


Ay 


water Heaters were discussed and a few changes suggested, after 


THE Public Hearing on Monday, Dee. 4, the Test Code 
r Reciprocating Displacement Pumps and the one for Feed- 
which it was recommended that the Council approve them for adop- 
tion as the recommended practice of the profession 
The First Power Exposition 
4 hon first National Exposition of Power and Mechanical Engi- 
neering in New York City opened auspiciously on Thursday, 
December 7, and continued through December 13. Forty seven 
thousand five hundred and eighty visitors viewed the exhibits that 
filled one floor of the Grand Central Palace. The fact that this 
was the first show of its kind on a national scale makes it difficult 
to judge its value, but the comments of the visitors prove conclu- 
sively that a show of this character is needed and appreciated by 
those who are engaged in the design and operation of power plants. 
The Exposition was made up of over 100 exhibits and all classes 
of power plant apparatus and equipment, except large boilers and 
prime movers, were well represented. 
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ENGINEERING RESEARCH 


A Department Conducted by the Research Committee of the A.S.M.E. 





More Information Service 


HIS time it is an informational clearing house for the whole of 
science and engineering. The National Research Council in 
Washington is maintaining such a service as one of its major de- 
partments in order to promote research and to extend its usefulness 
to industry by increasing the availability of reliable information. 
Mechanical engineers naturally will use the Engineering Library 
and the resources of their society to meet special and technical in- 
formational needs. But they are likely to find it distinctly worth 
while to use the Research Council Information Service as a source of 
help in the case of border-line subjects and such as lie entirely 
beyond the confines of mechanical engineering. 

Research Information Service has a technical staff representing 
the chief divisions of science and technology. Members of this staff 
are constantly answering inquiries about research problems, 
methods, processes, apparatus, reports, and their relations to in- 
dustrial progress. The Service specializes in sources. If it does 
not happen to have at hand the facts you need, it most likely can 
tell you where to find them. 

Except as special search of the literature, compilation of a report, 
or copying of data make a charge necessary, the aid of Research 
Information Service is free. Mechanical engineers are cordially 
invited to use this new informational clearing house, not in place of 
the specialized service provided in the Engineering Research 
pages of MECHANICAL ENGINEERING, but in addition to it. The 
best possible way to find out about the usefulness of Research 
Information Service is to try it. The proper form of address is 
Information Service, National Research Council, Washington, D.C. 


Research Résumé of the Month 
A—ReEsEARCH RESULTS 


The purpose of this section of Engineering Research is to give the origin of 
research information which has been completed, to give a résumé of research 
results with formulas or curves where such moy be readily given, and to report 
results of non-extensive researches which in the opinion of the investigators do 
not warrant a paper. 


Air A3-22. A Srupy or Arr-Stream Mixtures. This investigation was 
conducted by LeRoy A. Wilson, Research Associate in Mechanical 
Engineering, under the general direction of Dean C. R. Richards. It 
is the outgrowth of an investigation of the reheating of compressed air 
by Dean Richards, and J. N. Vedder, Research Assistant in Mechanical 
Engineering, the results of which have been published. In this earlier 
investigation the employment of steam as a reheating agent was found 
to result in an increased thermal efficiency for the mixture of air and 
steam, as compared with the use of either air or steam separately, in 
an engine operating expansively. The purpose in operating a recipro- 
cating engine with a working medium composed of a mixture of air and 
steam was to determine the possible advantages in thermal efficiency 
resulting from the use of such mixtures having different proportions of 
the two components and with different initial temperatures of the 
compressed air. 

The results of this experimental work have just been published as 
Bulletin No. 131 of University of Illinois, Engineering Experiment 
Station, Urbana, Ill. This bulletin treats the subject of air-steam 
mixtures in considerable detail, by both means of a theoretical discussion, 
and by reporting actual tests made with different proportions of 
air and steam at different initial air temperatures and under various load 
conditions. The thermal properties of various mixtures are presented 
in the form of Mollier charts which will greatly simplify the solution of 
problems connected with the subject. The bulletin contains 96 pages 
and its price is 75 cents per copy. 

Steam Power A5-22. A Srupy or Arr-Steam Mixtures. See Air A3-22. 

Iron and Steel AG—22. Tue PREPARATION AND PROPERTIES OF PurE IRON 
Auuoys. Scientific Paper No. 453 of the Bureau of Standards, entitled 
The Preparation and Properties of Pure Iron Alloys, deals with funda- 
mental principles involved in the manufacture of steel products. To 
protect life and property it is necessary that the architect and engi- 
neer know the kind of steel which should be specified for each use. To 
know what composition a steel should have in order to withstand a 
certain amount of strain or to meet necessary requirements, the effects 
on the steel of each of its constituents must be known. The general 


effects of each of these constituents have long been familiar, but tech- 
nical difficulties have hindered really thorough studies of the specific 
and exact effects of each of the elements. Very pure iron is difficult to 
prepare, and it is even more difficult to add a controlled amount of some 
one constituent of steel to pure iron without some contamination. 

In this investigation iron of practically 100 per cent purity was pre- 
pared by an electrical method similar to the method of silver plating 
in which the metal is deposited from a solution by the passage of an 
electric current. The iron is plated out, leaving the impurities behind. 
This iron was then melted in a vacuum to exclude the effects of gases 
which would be taken up from the air if melted in contact with it 
The heating was done electrically, and the containing crucibles were 
made of chemically pure magnesium oxide 

This paper will be ready in a short time and may be obtained from 
the Superintendent of Documents, Government Printing Office, Wash- 
ington, D. C., at 10 cents per copy. 


Photography A2-22. ProromicroGrRAPHy OF Paper Fipers. This paper 
describes some of the more important factors in the photomicrography 
of vegetable fibers, especially those used in the paper industry. As 
regards Ulumination it is shown that the carbon are can be advantage- 
ously replaced by an incandescent stereopticon lamp. Different 
types of objectives are discussed, and it is shown that the working qual- 
ities of most objectives may be greatly improved by the use of proper 
light filters, three types of which are discussed. It is shown that 
where an object lying in different planes is to be photographed, an 
objective of comparatively long focal length will give better results 
than one of shorter focal length, and that this arrangement requires a 
longer bellows extension. Different types of photographic plates 
are described and suggestions as to the best type of plate to use for 
photomicrographic work are given. Suggestions for staining and pre- 
paring the material to be photographed are included, as well as some 
regarding the value of photographs for permanent records and in the 
study and control of materials and mill processes. A short  bibli 
ography on photomicrography and related subjects is given. 

This very timely paper, known as Bureau of Standards Technologic 
Paper No. 217, was prepared by R. E. Lofton, Associate Physicist at the 
Bureau of Standards. Address Superintendent of Documents, Govern- 
ment Printing Office, Washington, D.C. Price 5 cents. 

Paper Fipers. Sex 


Wood Products A5-22. PHOTOMICROGRAPHY OF 
, 


Photography A2-22. 
B—RESEARCH IN PROGRESS 


The purpose of this section of Engineering Research is to bring together thos 
who are working on the same problem for coéperation or conference, to prever 
unnecessary duplication of work, and to inform the profession of the investigato 
who are engaged upon research problems. The addresses of these investigato 
are given for the purpose of correspondence. 


Corrosion B9-22. Sor Corrosion oF IRON AND STEEL Prpt The damag 
to buried pipe structures due to the corrosive action of soil is known t 
run into enormous sums annually. In order to throw further light 
on the ways and means of reducing losses from this source, the Bureau 
Standards instituted, about a year ago, a very comprehensive invest 
gation into the entire subject. This investigation has been undertak: 
first, to determine what types of soils throughout the country are ¢ 
pecially corrosive to iron and steel; which kinds of iron at 
steel pipe are most resistant to the corrosive action of particular types 
soils, and, third, the most practical means of reducing damage fri 
this cause. 

The work is carried on with active coéperation of the principal m 
ufacturers of iron and steel pipe, the large public-utility corporati: 
throughout the country as the principal users of pipe, and the Bure 
of Soils of the Department of Agriculture. The steel and publ! 
utility interests are incurring the major part of the expense of t 
investigation. The Bureau of Standards plans and directs the work 
Approximately 9000 specimens of pipe have been furnished free 
charge by pipe manufacturers. 

Owing to the very urgent demand from many sources, it is planned t 
increase considerably the scope of this investigation. The brass m 
ufacturers have requested that numerous brass specimens be included 
in the test, particularly of fixtures designed to be used with wroug!:t- 
iron and cast-iron pipes. It is planned also to include a considera! le 
number of specimens of pipe coated with various types of protective 
coatings. These will include some additional specimens of pitch- 
treated pipe, but will more particularly refer to metal-covered pipe, 
such as those covered by the various processes of galvanizing, also lead- 
covered pipe for which rather strong claims have recently been made. 
Arrangements have been made with the manufacturers of galvanized 
pipe and lead-covered pipe to furnish the necessary samples. These 
will be buried at the various locations when the first inspection of the 
iron pipes is made. Address Director of the Bureau of Standards, 
Washington, D. C. 
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Iron and Steel B9-22. Sow Corrosion or IRON AND STEEL Piper. See joints in coéperation with the committee on welded rails, and six pre 


Corrosion B9-22. 


Radiation B1-22. Emussiviry or Corron CLorn. Attention has been pre- 
viously been called to an investigation which the Bureau of Standards is 
conducting to discover a roofing material which will keep the inside of 
a balloon hangar at a minimum temperature when exposed to the sun 
It was shown that the most efficient means for reducing the heating of 
the interior of the building by solar radiations is by covering the outside 
of the roof with a highly reflecting substance, such as white paint or 
asbestos, and painting the inside of the roof with aluminum paint 
which is a poor radiator of the low-temperature long-wave-length 
radiation emitted by the roof. 

During the past month a similar study has been made of white cotton 
cloth such as it used for tents. As is well known, when a tent is exposed 
to the sun the interior becomes uncomfortably warm from the sunlight 
which is diffusely transmitted through the cloth, and in particular as a 
result of the heat rays emitted by the cloth By covering No. 10 duck 
on the inside with aluminum paint it was found that the heat radiation 
into the interior of the tent reduced 86 per cent. If the aluminum 
coating is on the outside the arrangement is less efficient, the radiation 
into the interior being reduced by only 78 per cent. While No. 4 duck 
would be too heavy for tents, it is interesting to note that by applying 
a coating of aluminum paint to the interior the heat radiation is reduced 
from 78 to 81 per cent It is obvious that while such a tent would be 
more comfortable in the daytime, during the night the use of the coat- 
ing of paint would act in the opposite way and retain the heat generated 
within, thus maintaining a higher temperature. 


Welding B2-22. Test oF Wewvpep Rat Joints An investigation 
being conducted at the Bureau of Standards on the strength of rail 


liminary tests have been made of typical rail joints used on street rail- 
ways. For this purpose the large horizontal Emery testing machine 
has been employed. Two specimens of thermit-welded joints, 1 riv- 
eted fishplate joint, and 1 standard 7-in. railroad rail section, as well 
is 2 specimens of electric butt-welded joints submitted by the Lorain 
Steel Company have been tested. The preliminary tests showed wide 
variations in the strength of the joints made by the different methods, 
but sufficient information was obtained concerning the method of test 
to determine the best means for gripping the specimens as well as the 
most satisfactory design therefore 


D—REsEARCH EQUIPMENT 


The purpose of this ection of Engineer ng Research lo give in concise 
form note egarding the equipme nt of lahoratories for mutua niormation 
and fhe pu pose of in fo ming the profess on of the equipme niin arious 
lahore ¢ 


Instruments and Apparatus D1-22 SPRAGUE DYNAMOMETERS rhe Divi- 


ion of Engineering, Brown University, has recently installed in on- 


f its laboratories two Sprague dynamometers each having a capacity oe 
200 hp hese dynamometers may be used either separately or tof 
gether and are completely equipped with all the necessary auxiliary ap- 
paratus. With this apparatus power tests from 15 to 600 hp. may be 
made and the authorities of Brown University desire to make it known 
that these facilities are available Those interested may address Prof. 
William H. Kenerson, Division of Engineering, Brown University, 


Providence, R. I 
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particularly welcomed are discussions of papers published in this journal, brief articles of current interest to mechanical 
engineers, or comments from members of The American Society of Mechanical Engineers on activities and policies of 


the Society in Research and Standardization. 


The Accuracy of Boiler Tests 


lo THE Eprror: 
I have read with very great interest the correspondence under 
this heading, and I am afraid that fear of taking up too much space 
your columns prevents me from joining in the discussion on 4ll 
e very many different points that have been raised. I will con- 
tent myself, therefore, with the question of the amount of steam 
power used auxiliary to the production of steam. 
\ very serious defect in the revised A.S.M.E. Boiler Test Code, 
ich applies still more forcibly to the British Institution of Civil 
igineers’ Code, is the scanty attention given to this question of 
am or power used auxiliary to the production of steam. The 
nplest boiler plant, merely for the sake of illustration, can be taken 
one boiler only, without any accessories, evaporating say, 5000 
of water per hour, and working with an injector, in which case 
e real steam output of the plant—apart from the infinitesimal 
ount of energy used by the injector—is 5000 lb. of steam per 
ir, and the real net working efficiency of the plant can be cal- 
ited on this evaporation. If now we use any appliance what- 
ever auxiliary to the production of steam, which consumes steam to 
rk it, then this amount of steam must be deducted in calculating 
net working efficiency of the plant. If, for example, we install 
a steam-jet furnace taking 10 per cent of the production of the plant, 
t is, 500 lb. of steam per hour, then the real net working efficiency 
has to be calculated on an evaporation of 4500 lb. only, since this is 


the amount of useful steam that passes the stop valve into the fac- 
ti This sounds so elementary as to be hardly worth mentioning, 
bi 


practically every boiler test that has been carried out in the 
vorld for the last century ignores this simple fact. 

in my book, Boiler Plant Testing, I have given the exact detailed 
figures for the performance of 400 steam boiler plants in Great 
Britain, representing 1513 boilers in 41 different industries, and with 
& total coal bill of 3,250,000 tons perannum. In these boiler plants, 
which are thoroughly representative of British practice, and prob- 
ably also, in fact, of steam generation throughout the world, a very 


< 


large amount of auxiliary steam is used for coal conveyors, ash 
conveyors, mechanical stokers or mechanically moving bars, steam 
nozzles, mechanical forced or induced draft, boiler-feed pumps, 
water-softening plants, driving of economizer scrapers, in the 
electrolytic treatment of feedwater for the prevention of corrosion, 
soot cleaners, and for various other purposes, so that I should esti- 
mate that the amount of steam used in cylindrical boiler-plants 
under average good conditions can very easily reach 12'/, per cent 
of the production, and in the case of water-tube boilers 4'/2 per 
cent. The worst example is that of the use of steam nozzles, 
and out of the 400 plants tested, 153—that is 38 per cent—were 
fitted with steam nozzles, the average amount of steam consumed 
by these being 6'/2 per cent of the production, and varying from 0.5 
per cent to no less than 21.5 per cent in individual plants. 

It is of course absolutely necessary to deduct this auxiliary steam 
in calculating the real net working efficiency of the boiler plan, 
but the general lack of understanding on this point is seen by the 
fact that we have today firms making appliances for steam genera- 
tion advertising broadcast figures of tests in which 75 to 80 pes 
cent boiler efficiency is shown, while at the same time the fact that 
their own appliance may be wasting from 2'/2 to 20 per cent of the 
steam production is coolly ignored. 

The A.S.M.E. Revised Code only considers this matter of suffi- 
cient importance for a footnote, and merely states that such auxiliary 
steam ought to be determined and a record made if it has been in- 
cluded in the calculations or not. There is not the slightest indica- 
tion given that this question of auxiliary steam is just as important 
as recording the amount of coal used and water evaporated, and that 
without such proper record, boiler testing is worthless. As I have 
stated in my book, the whole question of boiler-plant testing is a 
most complicated one, being a combination of technical chemistry 
and engineering quite outside ordinary practice, and it is high 
time, in my opinion, that we have an International Code devised 
which will put the matter upon a sound and practical basis. 

Davip BROWNLIE. 

Manchester, England. 
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Commercial Aviation in America 


NY fair discussion of commercial avia- 
4 4 tion in our country today must of ne- 
cessity consist largely of prophecies. For, 
to be frank, with certain notable exceptions 
there is little of commercial aviation worthy 
of consideration either as a transportation 
business or a production industry. 

But we must not confuse frankness with 
pessimism. Just the same kind of state- 
ment might just as truly have been made 
twenty years ago with reference to the 
automobile business, and yet in these few 
years we have seen the motor-car industry 
achieve its present great place in the world’s 
commercial affairs. What may not avia- 
tion, profiting by the experience of its automotive brother, be 
expected to do in a similar time? F 





COFFIN 


Howarp E. 


For here we have fulfilment of 
man’s age-old dream, and here again the desires and needs of 
humanity are being served. 

We are, in my own opinion, just upon the threshold of a remark- 
able expansion in the aeronautical-transportation art. Civiliza- 
tion, since the beginning of time, has never turned its back upon the 
newer, speedier, and more luxurious forms of locomotion and will 
not fail to grasp flying and develop it as an important adjunct 
to existing agencies of traffic and travel. The possibilities so far 
overshadow the problems that a successful commercial develop- 
ment of considerable magnitude seems beyond question. 

A consideration of the many things to be done before we can 
expect aviation to become a dividend-paying agency in the commer- 
cial service is important. Listed in the order of pressing need 
they are: 

First, control. An authoritative federal agency must be es- 
tablished by legislative action and charged with the regulation, 
encouragement, and control of air navigation. Federal inspection 
of all ships for airworthiness must be provided. All pilots and me- 
chanics must be examined and licensed. A bureau for such work 
in the Department of Commerce is proposed in the Wadsworth- 
Hicks Bill now before Congress. The enactment of such legislation 
is essentially fundamental to any healthy growth of our aviation art. 

Second, public confidence. Stunting at the county fairs, dare- 


Vo. 45, No. 1 


deviltries, and flights in poorly constructed and uninspected planes 
or by inexperienced pilots have occasioned far too many crashes. 
These accidents, emblazoned upon the front pages of our newspapers 
in the most sensational manner, have firmly instilled in the public 
mind the idea that all aviation is dangerous. Not until a convine- 
ing background of safe, sane flying history has been written in 
American air annals, covering a period of several years, will this 
fear be supplanted by confidence and faith. Time, energy, and 
skill expended in engineering achievement and in safeguarding air 
performance will slowly but surely overcome this handicap. 

Third, governmental coéperation. Our nation, as a whole, is 
vitally concerned that commercial aviation shall progress rapidly. 
For such development constitutes an essential and fundamental 
basis upon which rest all plans for the future military-naval defense 
of our country. Perhaps the greatest single need of the moment is 
the adoption by our Government of a definite, comprehensive, 
and continuing program for the encouragement of our American 
aeronautical progress. 

To illustrate, no direct subsidy is needed, but there is essential 
that same federal coéperation and assistance that is given our 
water-borne agencies of commerce. The Government has for 
many years indirectly subsidized shipping by the provision of 
ports, the charting of sea routes, the maintenance of bureaus for 
the disseminating of weather forecasts or meteorological data, the 
coast guard, the lighthouse service, and many other aids to water 
navigation. For our railroads there have been land grants and 
concessions, rights of condemnation, and elaborate federal bureaus 
governing labor and rates. The same kind of general aid must be 
extended aviation in the provision and maintenance of landing 
fields, wireless and radio signaling stations, beacon lighthouses for 
night flying, in scientific research, the charting of air routes, a code 
of air regulations, and in many other practical details. 

Fourth, laws. Today the only law governing aviation in America 
is Newton’s law of gravity. Forty countries have national air 
laws regulating the operation of civilian aircraft, designed specifically 
to encourage and regulate aviation as well as to eliminate flying 
accidents through reckless piloting or the operation of unsafe ma- 
chines. Twenty-six nations have ratified the International Air 
Convention drawn in Paris in 1919. The United States of America 
is not among either class but is listed with Abyssinia, Persia, 
Bhutan, Nepal and Oman as countries which are not yet sufficiently 
forward-looking to enact legislation safeguarding life and property 
in, air commerce. 

The four needs enumerated are paramount. There are many 
other items in the catalog of aviation’s requirements which can 
be met when time and experience permit. But, for the enthusiast 
of today, these four are immediately pressing and afford ampk 
objective toward which our initiative and energy may be directed 

To aid in the settlement of these questions of commercial avia- 
tion, as well as to lend a hand in military and naval preparedness 
in the air, a new national body has recently come into being 
the National Aeronautic Association. Born of the desire among 
thousands of our citizens for a channel of expression on aviation 
affairs, representative of every section of the country and of every 
element of our population, wholly without selfish ends, this asso 
ciation fills a well-recognized need and its formation marks one o 
the brightest spots in American aeronautic annals. 

We have had for some time the Aeronautical Chamber o! 
Commerce, representing the manufacturer and the operato: 
we have had the Society of Automotive Engineers, representing tl 
designer and the inventor; and now we have that essential thir 
member of the triangle, the National Aeronautic Association, re] 
resenting the people themselves. 

Thus, the picture is not empty of accomplishment. Ev 
though we are in the infancy of commercial aviation, we ha 
achievements to our credit of which we may well be proud. Ameri: 
holds all principal air records of the world: speed, endurance, alt 
tude, long distance, all of which stand to the credit of Ameri 
engineers, designers, pilots, and mechanics. 

We have in the phenomenal performance of our transcontinent 
Air Mail the world’s greatest application of commercial aviatio 
Every day except Sundays and holidays this service covers a round 
trip of 5360 miles, an annual flying schedule of 1,800,000 mil: 
From July 16, 1921 until September 7, 1922, this service flew ap- 
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proximately 2,000,000 miles without a fatal accident. During the 
fiscal year ending June 30, 1922, an efficiency of 94.39 per cent was 
maintained. That is, during that year out of every 100 trips 
scheduled, 94.39 were finished on schedule time. And remember 
that this route crosses three mountain ranges, the Alleghanies, the 
Rockies, and the Sierras. 

Of almost equal importance has been the record of the Aero- 
marine Airways Company, specializing in passenger transportation. 
During the past three years this company has flown more than 
1,000,000 miles, carrying more than 15,000 passengers and without 
a single mishap. It is only by an actual showing or promises per- 
formed that the public confidence can be gained and retained, and 
the wonderful records being made by the Air Mail Service and the 
few commercial companies operating are doing much toward this 
end. 

We may well be optimistic. For, with all these records of achiev- 
ment to the credit of our air industry, and with a strong national 
patriotic body dedicated to the furtherance of this new transporta- 
tion art, it lies easily within our hands to put “America First” 
among the world’s air powers. 

Let’s do it 

Howarp E. Corrtn.' 


The A.S.M.E. Annual Meeting and the 
Power Exposition 


_ oe holding of the first National Exposition of Power and 
Mechanical Engineering following the recent Annual Meeting 
of The American Society of Mechanical Engineers resulted in 
an instructive combination that should do much to inspire the 
members of the A.S.M.E. The meeting with its broad, diversified 
program and well-balanced sessions established a new precedent, 
and its supplement this year with a technical exhibit added an ele- 
ment of appeal that will be strengthened as the scope of the Ex- 
position grows 
The Committee on Meetings and Program is somewhat concerned 
bout the intensity of the past meeting with its twenty-four pro- 
essional meetings, four entertainments and several excursions and 
ndustrial Under the present conditions of great activity 
ind diversity of members’ interest it cannot be relieved, and the 
Committee must rely on its ability to arrange a program with the 
The 
problem will grow more severe as the Professional Divisions of the 
However, wealth of material for meet- 
ng programs 1s an embarrassment to be welcomed and one that can 


Visits 


ist amount of conflict between sessions with related papers. 
Society increase in activity. 
be overcome by the provision of more meetings or the diversion of 
iterial to regional meetings. 
Notwithstanding the intensity of the Annual Meeting program, 
embers have asked that the Power Exposition be arranged to 
rallel the meeting rather than follow it so that those from a 
distance may have more time to attend the meeting sessions they 
desire and also to spend the necessary amount of time at the Ex- 
position. The Committee on Meetings and Program is giving 
nsideration to this arrangement which is desirable and seems 
tical. The increase over last year in the number of out-of- 
n members who registered at the meeting this year is one reason 
careful thought should be directed to the parallel plan. 
Lhe announcement that the Power Exposition will be continued 
t year will be greeted with pleasure by those who visited the 
nd Central Palace this year and enjoyed the collection of latest 
‘es, the mass of instructive data, the complete program of 
esting educational moving pictures and the remarkable op- 
rtunity for broadening acquaintances. Although im- 
tant classes of power-plant equipment were not thoroughly 
sented, and it is hoped this omission will be corrected as the 


some 


sition becomes established; the general character of the ex- 
s was excellent and every one who visited the Show carried 
some ideas. 

» One important function of the Exposition must not be neglected. 
[t is visited by many individuals who may not be informed about 
the problems of generating, distributing, and using power. In 
fact. only a small percentage of people do understand the variety 


‘ President, National Aeronautic Association. 
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and severity of the engineering phases of the power problem. 
As Dean Kimball pointed out in his presidential address, the en- 
gineer has a grave responsibility in maintaining civilization. A 
more general appreciation will assist the engineer in shouldering this 
responsibility, and an exhibit such as this will assist greatly in 
extending general knowledge if the coéperation of the exhibitors 


is secured. 


Improvements in The Engineering Index 


‘HE Committee on Publication and Papers takes great pleasure 
in announcing two changes in The Engineering Index which 
it is hoped will greatly increase its service value to the readers of 
MECHANICAL ENGINEERING. One of these is the placing of the 
Index items on one side of the sheet only so that items may be 
clipped, and the second is the addition of one page of items from 
technical journals received up to three days before going to press. 
The Committee has been encouraged in making these changes 
by the increased demands on the Library for information, especially 
about articles from the current technical press. These requests 
come not only from research organizations but from individuals 
who are anxious to broaden their knowledge and who rely on The 
I:ngineering Index as their guide to the many excellent publications 
in the engineering field. This increased demand is also an encourag- 
ing symptom, indicating that the engineering public is becoming 
appreciative of the sources of recorded experience. For a long 
time we have felt that engineering libraries were not appreciated 
or used as widely as they should be by engineers, but the increase 
in use of the Index is an encouraging indication. 
Perhaps a word should be said in explanation of the page of late 
items. The operation of setting the main portion of the monthly 
Kngineering Index in type is laborious and requires painstaking 


proof reading. It is desirable to get this completed before the 
remainder of the text pages is ready and the Index is therefore 
closed a considerable time before the date of mailing. The in- 


clusion of late items on a separate page will thus bring the Index 
more nearly up to date 

The Engineering Index must of necessity be selective, as the in- 
clusion of all articles in all technical publications is obviously im- 
The annual volume of The Engineering Index includes 
all items that have been indexed from the publications that come 
to the Engineering Societies Library, but MecHANICAL ENGINEERING 
contains only those of particular interest to mechanical engineers. 


possible. 


Engineers from Egypt and Czechoslovakia Study 
American Methods 

LLUSTRATIVE of the growing recognition of the internation- 

ality of engineering is the mission of ten graduates of the engi- 
neering schools of Egypt who have been sent to America by the 
Egyptian Government to study manufacturing methods in this 
country. Their expenses during the two years that they wili 
remain here will be paid by the Egyptian Government. They 
have been placed in various factories by the Department of Com- 
merce and will work as employees while they are acquiring a 
knowledge of American methods and machine-shop equipment. 
Subjects which will be studied by them are interchangeable manu- 
facturing, railroad transportation, telephone systems, marine engi- 
neering, and internal-combustion-engine construction. 

\ young Czechoslovakian engineer is in this country ona similar 
mission in regard to the building trades. Through the aid of the 
Czechoslovakian Minister and the Generai Contractors’ Associa- 
tion he will be enabled to obtain a thorough acquaintance with 
methods, equipment, and material used in construction in this 
country. 

Undoubtedly these young engineers will have great influence 
upon the industries of their native countries in the near future. It 
is to be expected also that the introduction of American methods 
will increase the demand for American tools and equipment. But 
farther reaching still are the benefits accruing both to them and to 
us by the personal contacts thus established between members of 
the profession in those countries and in the United States. 
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Reports on South American Trip 


Envoy to International Engineering Congress in Brazil Visited Eight Pan-American Countries 
Standardization Work Pledged by Resident U.S. Engineers 


OUR Secretary sailed from New York for Rio de Janeiro on 

August 24 on the S. S. Pan America, the United States 

Shipping Board boat which carried the Secretary of State, 
Mr. Hughes, and his party to the Brazilian Centennial Exposition. 
I sailed as the official representative of The American Society of 
Mechanical Engineers and the other principal engineering societies 
of the United States and Canada, to the International Engineering 
Congress at Rio de Janeiro scheduled for September 17 to 30, and 
as the representative to the Brazilian Centennial Exposition of 
several civic bodies and of President D’Olier of the Sesquicentennial 
Exposition Association of Philadelphia of 1926. 

When advised of my appointment, I saw an opportunity to link 
up membership on one of the sub-committees of the Inter-American 
High Commission with my relationship to the Engineering Congress 
and possible visits to associations of engineers in the several South 
American countries. Convinced of the beneficial results that 
might arise from such contacts, Herbert Hoover and Dr. L. 8. 
Rowe, respectively president and secretary-general of the Com- 
mission, gave me letters to the corresponding officials of the Section 
of the Commission in all the South American countries I was to 
visit. Inasmuch as standardization of product in each country 
will promote the welfare of that country from both an industrial 
and commercial viewpoint, Mr. Hoover wrote me that 

If his Excellency, the Minister of Finance,! finds it possible to hold a 
meeting of his Section of the Inter-American High Commission, I trust that 
it will be possible for you to discuss with some of the members the problem 
of standardization. 

At that time, in all of South and Central America there was 
no such thing as a standardization committee or bureau. The 
need for work in this direction had long been apparent. This 
gave me a practical message to take to associations of both native 


1 In every country but ours, the Minister of Finance is Ex-Officio Chair- 
man of the Inter-American High Commission of his country. This work 
in the United States was transferred from the Treasury Department to the 
Department of Commerce after Mr. Hoover became Secretary of the 
Department of Commerce. 


engineers and members of United States and Canadian Societies 
in the countries I was to visit, for they, with their special training, 
could render a great service in such a work to the countries of 
their adoption. 

With this in mind I purposely booked passage on the Pan 
America, for, knowing Secretary Hughes’ personal admiration for 
Mr. Hoover, I wished to obtain, if possible, the official interest and 
support of the Secretary of State for Mr. Hoover’s message. In 
several interviews on board ship I found Mr. Hughes enthusiastic 
over this particular activity of the Inter-American High Commission. 
He gave most helpful advice as to the method of presentation. H« 
further gave his support in every way, and when I later presented 
my program to officials and engineering organizations I was able to 
say freely that it had the whole-hearted approval of our Secretary 
of State. 

The high place which the engineer holds in South American 
affairs is indicated by the fact that outside of the government, the 
Club de Engenharia of Rio de Janeiro was the only organization 
that presented Secretary Hughes with an address during his first 
visit to Brazil. Mr. Hughes’ recognition of the high place the 
engineer is to hold in world development is seen in his epoch- 
making address delivered at the dedication of the site of the monu- 
ment which the United States is to give to Brazil. He said: 

The resources of science are marshaled under efficient direction to meet 
the peculiar increasing needs of civic life But this fortunate land o! 
Brazil is one of constant revelations and today more than ever before w: 
are appreciating the limitless possibilities of its development, of the pros- 
perity the future has in store for its people, and the extraordinary promis 
of their service to humanity The various organizations now 

SS e+ ie Oe We have als 


gathered here the engineers for whose precise knowledge and trained hand 
Nature has long been waiting. 


I arrived at Rio de Janeiro on September 5. The two week- 
between that date and the opening of the Congress were spent by 
United States engineers in Rio in daily meetings to codperate wit 
the Club de Engenharia under whose auspices the Congress was 
being held. Our meetings, while not official in character, were 
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great aid in preparing for the Congress. Most of the papers that 
made up the program, lantern slides, and several motion-picture 
films on industrial matters were coming from the United States, 
and much patient and discouraging work was done in getting 
everything through the red tape at customs and ready for the 
meetings. 

At a formal afternoon reception the Board of Management of the 
Club de Engenharia received my credentials together with those 
of Verne L. Havens, Editor of Ingenieria Internacional and delegate 
of the American Society of Civil Engineers. At another reception 
credentials were received from A. W. K. Billings, F. H. Shepard, 
and Dr. T. T. Read, representing civil, electrical and mining engi- 
neers. 

The Congress itself was formally opened on Sunday evening, 
September 17. Dr. Pires do Rio, Honorary President of the 
Congress, who made the opening address, is Minister of Public 
Works and one of the most influential men of Brazil. He said in 
part: 

The word “engineer,’’ builder of engines or machinery, as defined by the 
has actually a large significance in view of the magnificent 
industrial movement caused by the invention of the steam engine and its 
application to the industries of transportation and manufacture 
The new industrial civilization, characterized by the use of the steam engine 
as a prime mover, and steel machinery as the instrument of operation, 
crowded the years of the last century with such a procession of important 
events that all that has gone before the Watt steam engine appears to be of 
but petty importance . The engineering profession responded to the 
call of this new state of industrial activity, and engineers ceased to be merely 
military officers, entrusted with the management of the crude machinery of 
warfare. They have become men of high technical education, accustomed 
to directing the work of exploitation of mines for the recovery of minerals, 
to designing and constructing blast furnaces, building railroads, laying pipe 
lines which supply cities with water and protect them from floods, and 
finally, to designing and building electrical machinery in all its modifications 
of shape and construction. 


dictionaries 


The address of Dr. do Rio was one of the high spots of the Con- 
gress. A brilliant banquet at the Jockey Club was given later 
in his honor and that of the officers of both the Congress and the 
Club de Engenharia, by engineers from the United States. It 
was an occasion which cemented the friendship of the engineers of 
the two continents. 

Sessions of the continued through October. The 
South American Railway Congress was scheduled to meet at the 
same time and place, and in order to avoid conflict the Interna- 
tional Congress postponed some of its sessions so that it did not 


Congress 


close on September 30 as had originally 
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The actual accomplishments of the Congress are shown in three 
resolutions which were passed. The first was one to effect a per- 
manent organization to carry out the resolutions of the Congress 
The Pan-American 
country to establish a standardization bureau as suggested by Mr. 
Hoover. 


second recommended legislation in every 
The third was a resolution to call a meeting of the nations 
to develop the dream of the Transcontinental Railway. Minor C, 
Keith, of Costa Rica, the only living member of the committee 
which originally recommended the building of this railway, has been 
asked to call this meeting to order. 

A specific piece of standardization work has already been under- 
taken by a group of United States engineers in South America who 
have pledged themselves to develop a list of all technical words and 
phrases used in Portuguese. As neither Spain nor Portugal has 
ever developed a technical vocabulary, technical words and phrases 
often have different meanings in different localities. Mr. Havens, 
as a representative oi the McGraw-Hill Publishing Co., promised 
to publish this commendable work when it is completed It is 
quite possible that a similar vocabulary of Spanish words and 
phrases will be compiled later 

As to the Exposition, I attended the opening session as the 
representative of civic bodies and of President D’Olier. However, 
the Exposition was not in readiness and had been postponed until 
December. As a personal representative of Mr. D’Olier and of 
the Societies, including the Engineers’ Club. of Philadelphia, I gave 
a formal invitation to South American engineers to attend and 
participate in the International Engineering Congress to be held 
in Philadelphia in 1926. I was a guest at several receptions in 
connection with the Centennial Exposition, and certain others 
given in Mr. Hughes’ honor. No one knows better how to enter- 
tain than our South American neighbors. The two largest recep- 
tions I attended, one given by the President of Brazil in the Catette 
Palace and the other given in the Itamaraty Palace by the Minister 
of Foreign Affairs, excelled in setting and magnificence anything 
ever given in the United States and remind one of the court func- 
tions of Europe. 

I left Brazil on September 28, and between that time and my 
return to the United States on November 13, I visited Uruguay, 
Argentina, Chile, Peru, Panama, Costa Rica, and Cuba. 
country I had a uniform method of approach. 
the American Legation. 


In each 
I called first at 
The next step was to call upon the presi- 
dent of the local engineering society, and with him I then called 
upon the members of the Inter-American High Commission with 





been planned. The attendance was not 
It consisted mainly of local en- 
from Chile, Argentine, 
There were eight sections hold- 
ng meetings. Four of these had for their 
presidents engineers from the United 
A fifth section had a United States 
The 


large. 
gineers with a few 
ind Peru. 


States. 
engineer tor its sections 
ind their presidents were: 

1 Overland, Maritime, Fluvial and Aerial 
lransportation. The Pan-American Rail- 
vay. Practical Means for Its Construc- 
tion. (President, Dr. Santiago Vicuna) 

2 Iron Metallurgy. (President, Col. C. 
H. Crawford) 

3 Fuels. (President, Dr. Heitor Escardo) 

1 Hydraulic Power, Its Utilization as 
Motive Power. (President, A. W. K. 
Billings) 

5 Sanitation, 
President, Dr. 
Brito) 

6 Maritime and Fluvial Ports. 
ent, Calvin W. Rice) 

7 Machinery for Agricultural and Indus- 
rial Purposes. (President, Dr. Barbosa 
Goncelves) 

8 Standardizing of Statistical Methods 
in Ports and Railways. (President, Verne 
L.. Havens) 


secretary. 


and Irrigation. 
Saturnino de 


Dams, 
Francisco 


(Presi- 
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my letters from Mr. Hoover and Dr. Rowe. In each country I 
urged— 

1 That every professional man from the United States affiliate 
with the local engineering society of the country where he is residing, 
even if only temporarily; 

2 That they form within or under the auspices of the local 
society groups of members of the National Engineering Societies of 
the United States for purposes of service to the local society; 

3 That the local society link up with its government; 

4 That the organization of engineers—members of U. 8. Socie- 
ties—link up— 

a With their country’s government through the embassy and 
commercial attaché and with the Inter-American High 
Commission; 

b With the National Engineering Societies of the United States. 

This, briefly, is the program suggested, and in several countries 
I was able to bring engineering organizations together with their 
governments for the first time. But in one country at least they 
are ahead of us in such matters: I refer to Cuba. If you will 
examine the census of Cuba for 1919 you will find that the National 
Board of the Census consists of three members, one chosen by the 
Civil Division of the Supreme Court, one by the Council of the 
University of Havana, and the third, an engineer chosen by the 
general council of the Cuban Society of Engineers. Furthermore, 
a law was passed in Cuba in October last providing for a commission 
of three to investigate Cuba’s outstanding indebtedness, and this 
commission is to be similarly chosen: one by the Supreme 
Court, one by the Minister of Finance, and the third an engineer 
chosen by the Cuban Society of Engineers. Such participation 
in national affairs is an ideal toward which we may all strive. 

In all the Pan-American countries I was impressed by the high 
regard with which the people hold those in the engineering pro- 
fession. In all South America they are addressed as “Doctor” and 
are correspondingly respected. A man aspiring to a public career 
finds that an engineering education and training best fits one for 
political positions of responsibility and honor. Further, a South 
American is a world citizen with a keen grasp on international 
affairs. The newspapers of South America devote much space 
—especially preferred-position space—to international news and 
discussions, and murders and divorces are relegated to unimpor- 
tant positions if published at all. 

Without a single exception in my three months’ travel of 15,000 
miles everything was characterized by infinite patience and cour- 
tesy. So marked are these traits that it is essential that our 
official and commercial representatives to these countries have 
these qualifications and instincts. The ideals of our people are 
not truly represented if our representatives lack these qualifications. 

The work of furthering international good feeling between our 
nation and the Pan-American countries will have the aggressive 
support of the South American engineer. The results of the Inter- 
national Engineering Congress are a foundation on which effective, 
permanent work may be built. Nothing less than a program 
devoted to the public good will form a basis for future work accep- 
table to the ideals of the engineers of the two continents. 

Carvin W. Rice, Secretary, 
The American Society of Mechanical Engineers 


Engineer Heads Italian Embassy 


Prince Gelasio Caetani, an engineer of international reputation 
and a member of one of the oldest families of Europe, has been 
appointed Italian Ambassador at Washington. He succeeds Sena- 
tor Ricci who resigned when the Fascisti came into power. 

The new Ambassador is a graduate of the School of Mines of 
Columbia University, class of 1903. Following his graduation he 
went West where he worked his way in true American fashion as 
miner, trammer, timberman and millhand. He later opened offices 
in San Francisco as a consulting engineer and became a member 
of the firm of Burch, Caetani and Hershey. The World War found 
Caetani still in this country but he returned to Italy immediately 
and became a Captain in the Engineer Corps. 

The War record of Prince Gelasio is an enviable one. He was 
advanced to the rank of Colonel and three times decorated for 
bravery. It was Caetani who laid the mine that, with a single 
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blast, blew up the whole top of the Col di Lana which destroyed 
an Austrian fort and opened the way for the Italian Army through 
the Cordevole Pass in the Upper Trentino. This feat was made 
possible by the practical experience which he had acquired in engi- 
neering studies in the United States. To accomplish it he designed 
a gallery under the fort nearly 2000 feet long. 

After the war Prince Gelasio returned to the vast estates of the 
Caetani family near Rome where he combined a life of politics and 
business. He was one of the first of the Roman aristocracy to enter 
the political fight against socialism and communism. He became 
actively affiliated with the Nationalist Party when it was decidedly 
the unusual and unpopular thing for a man of his rank to do so. In 
December, 1920, Prince Gelasio enrolled himself among the original 
ninety Fascisti organized as a Roman cohort. At the last electoral 
campaign he was chosen a Deputy on the Nationalist ticket. He 

now comes to 





Washington as the 
first representative 
of the Mussolini 
Government there. 

The choice of 
Prince Gelasio 
Caetani to this 
important post is 
indeed a happy 
one. He is a true 
representative of 
the Italian people. 
The _ finest of 
Roman blood and 
traditions belong 
to him by inheri- 
tance; the right to 
represent Italy he 
has earned by per- 
sonal service to 
her. For a thou- 
sand years the 
Caetani family has 
been closely iden- 
tified with the 
history of the 
Eternal City. It 
has given several 
Popes and a num- 
ber of Cardinals 
to the Holy See. 
The grandfather of Prince Gelasio, the thirteenth Duke of Sermoneta 
was a bitter enemy of the church and took an active part in bringing 
about the fall of the temporal power of Pope Pius IX. 

Caetani himself has devoted his efforts since leaving the army to 
the stabilization of his war-stricken country in its dangerous period 
of reconstruction. Unemployment became a terrific problem. 
Communistic ideas took root and grew rapidly. For at least six 
centuries the Caetani family had owned a large part of the Pontine 
Marshes, celebrated in literature by Pliny the Younger. The land 
was unproductive. A low-lying lake with no outlet had over-flowed 
for centuries making marsh land that was of no commercial value. 
Returning from military life, Prince Gelasio planned and soon 
began the construction of a canal leading from Lake Caprolace to 
the Mediterranean. This mammoth undertaking, completed ‘in 
1920, reclaimed hundreds of acres of land for Italy. It was a big 
step in the solution of Italy’s food and unemployment problems. 

Although Ceatani is but in his forty-sixth year his wide experiences 
admirably fit him for the important post for which he has been 
chosen. He considers America his second home and his many 
friends here, who think of him just as ‘“Gelasio Caetani,” know that 
he is a personage as well as a Prince, a man who comes to Washingto: 
with a trained scientific mind and an understanding of the two coun- 
tries whose immediate future relations lie largely in his hands. 

Caetani is a member of the American Institute of Mining and 
Metallurgical Engineers. His friends in the National Engineering 
Societies are planning a dinner in his honor after his arrival in thi 
country and the presentation of his credentials in Washington. 











Underwood & Underwood 


Prince GELASIO CAETANI 





ag. 











News of The Federated American Engineering Societies 


National Board of Jurisdictional Awards 
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its great influence on the building industry 


address, together with supplementary details, is pre- 


Practically since building-trades unions have been organized ther 
been from time to time disputes as to which group of mechanics should do cet 
tain work in connection with building construction. The development ofa 
phalt shingles or strip shingles for roofing purposes, for instance, has been the 


cause of dispute as to whether such shingles shall be placed by the c irpenter 


whose jurisdiction over wooden shingles has never been questioned, or } 


the roofer, who has jurisdiction over other forms of roofing. Such di 
putes lead to strikes on building operations and the losses incidental to 
them fall directly on the mechanics and contractors indirectly on the owner 


who must foot these bills, and ultimately on the general public. 

he waste in industry due to such jurisdictional strikes has been estimated 
to run into millions of dollars E. J. Russell, vice-president of the Americar 
Institute of Architects, and chairman of the Board, estimates that pre 
vious to the establishment of the Jurisdictional Board the cost of building 
operations was increased from seven to eight per cent unnecessarily becaus« 
of jurisdictional strikes 

These considerations prompted the calling of conferences 
vears of representatives from the American Institute of Architects 
Engineering Council, the Building Trades Department of the American 
Federation of Labor, the Associated General Contractors of America. th« 
National Building Trades Employers’ Association, and the National Asso 
ciation of Builders’ The purpose of these conferences was to 
organize a board to which jurisdiction in the building industry might b« 
referred. It was a momentous step that was taken when these participating 
< rganizations volunt arily agreed to organize such a body and to accept and 
ibide by its decisions 


about four 


ago, 


Exchanges 


The Board as now organized consists of eight members, one representative 
of the American Institute of Architects, one of the F.A.E.S., three represen- 
tatives of the contractors’ organizations, and three of the Building Trades 
Department of the A. F. of L It is felt that such an organization is fairly 
representative of the building industry at large for the purpose of settling 
jurisdictional disputes 

Mr. Russell, who is an architect of St.Louis and the representative of the 
American Institute of Architects, has been the chairman of the Board ever 

ince its formal organization in August, 1919. William J. Spencer, secre 
tary of the Building Trades Department, A. F. of L., has been its secretary. 

Complaints with regard to jurisdiction to be considered by the Board must 

submitted in writing throug} 

re parties to the agreement. 


the officials of one of the organizations that 
\ brief statement with regard to the com- 
laint is forwarded to those who are imme diately interested in the matter 
ind a time is set for the hearing of the case. Not only are the unions im- 
mediately affected given an opportunity each to present its claims and argu 
ments, but frequently manufacturers and contractors who have an interest 

1 the controversy are invited to present facts and evidence that they may 
wish to submit. For instance, in the dispute between the elevator con- 

tructors and the electrical workers over electrical work on elevators, the 
elevator manufacturers were given an opportunity to present their views 
In that case the Board, in its endeavor to master the situation fully, went 

far as to invite an elevator expert who had no interest in the dispute to 
give testimony on the technical questions involved. 

Cases have also arisen where the manufacturers in offering a new mate- 
rial in building construction found difficulty in marketing their product be- 
cause the mechanics of different unions claimed jurisdiction over the placing 
of that material, and architects hesitated to specify it for fear of starting a 
strike on the building. Such a case was that of Bestwall plaster board, in 
which case the matter was brought to the attention of the Jurisdictional 
Board through American Engineering Council. 

\ two-thirds vote of those members entitled to vote is required to render 
award in all cases. That means ordinarily six votes are required. But 
according to the constitution, a member of the Board is not entitled to vote 
or to participate in discussion in executive session when the decision is fixed 
if he is immediately interested in the result of the controversy. In such 
cases provision is made for the appointment of an umpire whose decision 
shall be final. 

> Since its organization the Board has had about four meetings a year. 
It has rendered thirty-eight decisions, including fourteen confirmations of 
agreements that had been entered into some time previous to being presented 
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practically all cases. The work of the Board was highly commer 

it the Cincinnati convention of the American Federation of Labor 
in June, 1922, and at a recent meeting of the Executive Council of 
the A. F. of L. aresolution was passed condemning the jurisdictional 


nd threatenir 


trike a g drastic action against such unions as refused 
© joIn in any movement to avoid such strikes 

Mr. Miller felt that engineers and architects in many cases failed 
to support the work ol the Board through lack ( knowledge f 
its existence. What they are more especially asked to do in sup- 
port of this movement was expressed in the resolution of the Board 
it a meeting in March, 1922, as follows 

Re ed, That the memb« t] American Ir archi | 
The Federated American I ering Societ nsert ecif t i 

tract tor l ling perat I i tiy that he } he 
Jurisdictional Board shall be observed 

Mr. Miller cited a number of cases in which the decisions of ar- 


bitrary bodies have been upheld by the courts and stated that he 
believes that such decisions indicate that the courts would heartily 
support such the work of the Jurisdictional 
soard, that would tend to eliminate dispute and trouble 

Referring again to the extra expense of building operations be- 
of jurisdictional strikes, Mr. Miller stated that 
practically impossible to get definite figures, an estimate made by 
Mr. Russell places the present cost at about-one-half of one per 
cent of the total. 
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Topographical Mapping 


/ MONG the important questions which will be 


A 


discussed at the 
annual meeting of the American Engineering Council to be 
held at the Cosmos Club, Washington, D. C., January 11 and 12, 
is that of topographic mapping. Wallace, at the Busi- 
ness Meeting of the A.S.M.E., said that topographic maps of only 
about 34 per cen the United States have been com- 
pleted. At the present rate of progress it will take from 80 to 100 
years to complete the topographical survey of the country and the 
production of the necessary maps 


Secretary 


t of the area of 


tealizing the pressing need 10! such maps, the Federation will 
give its active support toward the passage of the Temple Bill which 
provides a plan whereby the work may be completed in from 20 to 
25 years. Efforts will be made to have this bill brought up for 
hearing in the near future. Meanwhile the state administrative 
committees of the F.A.E.S. are cooperating with the state geolo- 
gists throughout the country in an educational campaign on this 
subject. Information is being assembled as to the progress of topo- 
graphical work in the various states and existing and proposed 
legislation thereon so that senators and congressmen may know 
the respective requirements of their states. 


The necessity for such maps is said to be just as pressing in the 
East as in the South and West. They are essential to highway 
and railway construction, to the location of barge canals, feeders 
and reservoirs, to flood control, hydroelectric development, and to 
land drainage, which latter affects not only the productivity of 
the land but also, through problems of municipal water supply 
and sewage disposal, the health of the nation. 

Government reorganization, the Muscle Shoals investigation, 
letting of Government contracts, flood control, elimination of 
waste, and the 12-hr. shift in industry, together with other matters 
which have been part of the F.A.E.S. program during the past 
year, will be reported upon at the Annual Meeting. 








Engineering and Industrial Standardization 


Code for Identification of Piping Systems 


DENTIFICATION of fluids carried by pipes has in the past 

engaged the attention of many managers of industrial plants and 
superintendents of power stations. Five systems of color identifica- 
tion were published in the July, 1921, issue of MEcHA NICAL ENGINEER- 
ING. One of these systems had been developed by a Special Com- 
mittee of The American Society of Mechanical Engineers. 

We can now report that the Sectional Committee there announced 
has completed its organization with twenty-six members who 
represent twenty-four organizations. A. 8. Hebble, the rep- 
resentative of the Society of Naval Architects and Marine Engineers, 
was elected chairman of the Sectional Committee at its first meet- 
ing held June 14, 1922, and I. G. Hoagland, the representative 
of the National Automatic Sprinkler Association, was elected 
secretary. The principal business of the organization meeting 
after the election of officers was the appointment of the Plan and 
Scope Committee. 

This Committee was headed by W. 8. Morrison as chairman 
and consisted of E. J. Cole, Crosby Field, W. J. Venning, 
H. P. Weaver, W. 8. Morrison, A. 8. Hebble, and I. G. Hoagland. 
It held a series of meetings during the summer and early fall and 
on November 10 presented a very carefully prepared report to the 
Sectional Committee. After a very thorough discussion the report 
on Plan and Scope was unanimously adopted with a very few minor 
changes. An abstract of this report is given below. 


PART I 
GENERAL LIMITATIONS OF PLAN AND SCOPE 


The plan and scope of the Sectional Committee on Code for Iden- 
tification of Piping Systems shall be confined to the code of identifi- 
cation of piping systems in industrial and power plants, not in- 
cluding pipes buried in the ground 


DEFINITIONS 


Piping systems for the purpose of this code, in addition to pipes 
of any kind, shall include fittings, valves, and pipe coverings. 
Note that there shall be specifically excluded therefrom supports, 
brackets, or other accessories. Note’ also that the definition of 
pipes shall be hollow conduits for the transport of gases, liquids, 
semi-liquids or plastics, but does not include solids, as pipes carry- 
ing solids are more properly believed to come under the general 
classification of conveyors. Note also, that electric conduits are 
specifically excluded. 

By “power plant” is meant any plant producing any of the fol- 
lowing substances: steam, gas for heating or lighting purposes, 
electricity, compressed air, vacuum, water pumping, refrigeration 
and ice, air conditioning; but specifically not plants for the produc- 
tion of various chemicals or in which operations are performed for 
other purposes than the transfer of units of heat from one form 
into another more readily usable form. Note that “power plants” 
specifically includes heating plants. 


IDENTIFICATION 


It is obvious that to attempt to outline a code in which every 
product liable to be transported would have its identification, 
would result in a system so comprehensive that even should the 
supply of colors and identification symbols hold out, adoption of 
it would be automatically rendered impossible in those indus- 
tries which do not have a major group of colors allocated to its 
products. It is found, however, upon investigation, that any ma- 
terials transported in pipes in a plant fall in one of the following 
classifications: 

(a) Safe Products. This represents a majority of the products that are 
handled through a plant. These products may be defined as having 
no hazard in their handling and no extraordinarily high value, so that a 
workman in approaching a piping system to make repairs will run no 
undue hazard in breaking into a pipe bearing a safe material, even 
though that material had not been emptied by previous arrangement. 
(b) Extra Valuable Material. This might be classified as a part of the safe 
materials above mentioned, but inasmuch as cases came to your com- 
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mittee’s attention where those products would have a very high value, 
it appeared preferable to give them a separate major classification. 

(c) Dangerous Materials. These materials are those which inherently in 
themselves are hazardous to life or property by virtue of being easily 
flammable or productive of poisonous gases or are in themselves poison- 
ous. They include of course materials that are known ordinarily as 
fire producers and explosives. 

(d) Protective Materials. Under this class fall materials which are piped 
through plants for the express purposes of being available to prevent or 
minimize the hazard of the dangerous materials above mentioned. 
Thus, a plant may have certain special gases which are antidotes to 
poison fumes, which gases are piped through their plants for the ex- 
press purpose of opening or breaking the pipe in cases of danger. 
Fire-Control Equipment. This might properly be called a division of 
the Protective Materials just mentioned above, though the hazard of 
fire and the use of sprinkler systems and other fire-fighting equipment 
having become so universal, it would appear better to make it a special 
major classification. 

These five classifications, or subdivisions thereof, if necessary, in 
the opinion of your committee should be each given a major color, 
and the various subdivisions that a plant may need can be obtained 
by the use of numbers, names, or the like, painted in white or black 
upon the background of the color selected. 


MACHINERY FOR FURTHER WorK 
It is suggested that this work be carried on by four committees, 
having not over five members each, appointed by the chairman, 
and having the following duties: 


It is felt that the size of the entire committee is 
so great as to render it very difficult to transact any work other than 
that of approving and modifying codes presented to it. It is therefore 
suggested that an Executive Committee be appointed to act for the 
Main Committee subject to its approval, and to receive the reports of 
the other Sub-Committees. It is recommended that the personnel of 
this Committee consist of the Chairman and Secretary of the Main 
Committee and the Chairman of each of the three Sub-Committees 
mentioned immediately hereinafter. 

(b) Sub-Committee on Identification by Colors. It is felt that there should 
also be a sub-committee whose function it shall be to present to the 
Executive Committee suggestions for various colors and confirmatory 
evidence that those colors can be used universally. It must be here 
interjected that some of the members having had the largest experience 
in this matter have found it almost impossible to use paints when sub- 
jected to various fumes, etc. The selection of the basic colors, there- 
fore, should be those that are most nearly resistant to the ordinary 
acids met with in commercial practice. It shall also be the duty of 
this Sub-Committee on Paints to prepare specifications for the paints 
selected. 

(c) Sub-Committee on Classification. 


(a) Executive Committee 


It is obvious that there are a great va- 
riety of requirements in the large number of industries to be represented 
and yet unless practically all industries are included prior to the issu- 
ance of the code it becomes extremely likely that certain industries will 
find their needs have been overlooked. It is therefore suggested that 
a Sub-Committee on Classification be appointed, whose function it shall 
be to communicate with representatives of the various industries, 
obtaining from each industry a list of the materials piped through 
their plants, classified according to the classification given under para- 
graph five of this report. It shall also be the duty of this Sub-Com- 
mittee to combine the data received from the various industries, plac- 
ing all the materials under one of the five major classifications. When 
these data have all been compiled, the Sub-Committee on Classification 
shall meet jointly with the Sub-Committee on Identification Markings 
Other Than Color hereinafter mentioned, for th: purpose of assigning 
the markings selected by that Committee to the various materials 
under the five major classifications as compiled by this committee 

(d) Sub-Committee on Identification Markings Other Than Color. It is also 
felt that a Sub-Committee on Identification Markings Other Than Color 
should be appointed, whose duty it shall be to investigate the various 
form and shape methods of identification and make recommendation 
as to the most practical method of marking. Upon agreement as to 
the best method of identification other than color, this Sub-Committee 
shall meet jointly with the Sub-Committee on Classification abov« 
mentioned, for the purpose of applying: definite markings to th« 
list of materials submitted by that committee. 


PART II 
In this part of its report the Committee transmitted two im- 
portant items of information under the heads (a) Number of Pipe 
to be Identified and (b) Colors. 

(a) Number of Pipes to be Identified. It came to the Committee's noti 
that the number of fluids which need to be identified varies greatly i 
the various plants. In some only one or two are employed, in other: 
as many as one hundred are to be found. One chemical plant was found 
to have twenty-four pipes carrying gases and twenty-three liquids. 

(b) Colors. The use of red for fire fighting or fire control appears to be 
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universal, and it is therefore believed that a separate classification for 
fire-fighting equipment should be made, and that its color should be red 
which is at present accepted. In addition to the use of this color for 
sprinkler lines, it is believed it should be extended to include various 
pipe lines such as those for Firefoam, etc 
In addition to red, the experience of the members of the Committee is 
that the following colors are obtainable in permanent or acid-resistant form 
black, green, yellow, and aluminum. 
In addition to these may be mentioned the possibility of soon obtaining 
white, gray, and brown 
In view of these conditions and referring to the classifications in the para- 
graph on Identification, it is suggested that the following be the basic colors 
for the classification of materials given 


a Safe Products Yellow 

» Extra valuable materials Aluminum 
ec Dangerous materials Black 

d Protective materials Green 

e Fire-control equipment Red 


Complying with the provisions of the report on Plan and Scope, 
Chairman Hebble made the following appointments: 


F. P. Incas or E. J. Cote, Chairman, Sub-Committee on Identifica 
tion by Colors 

Crosny Frevp, Chairman, Sub-Committee on Classification 

W. S. Morrison, Chairman, Sub-Committee on Identification Mark 
ings Other Than Color. 


Sectional Committee on Colors for Traffic Signals 
Organized under A.E.S.C. Procedure 


“| HIRTY-NINE men—representing as many administrative 
bodies, trade associations, scientific or technical societies, and 
Government departments—make up the Sectional Committee on 
Colors for Traffic Signals which was organized at a meeting in 
New York City on November 9 under the auspices of the American 
engineering Standards Committee. 

The committee elected as its officers the following representatives 
of the three sponsors for the code: Chairman, Charles J. Bennett, 
State Highway Commissioner of Connecticut, representing the 
American Association of State Highway Officials; Vice-chairman, Dr. 
M. G. Lloyd, representing the United States Bureau of Standards; 
Secretary, Walter 8. Paine, Research Engineer, Aetna Insurance 
Company, Hartford, Conn., representing the National Safety 
Council. 

The sectional committee by resolution invited the Aeronautical 
Chamber of Commerce of the United States to participate in the 
work of the committee. It was also decided at the organization 
meeting of the sectional committee to appoint a sub-committee 
to investigate the efficiency of all color signals now in use as traffic 
signals, and where possible to ascertain the reasons for adopting 
certain colors for specific uses. This committee will investigate the 
use of various types of semaphores and silent policemen. Another 
committee will make an original study of specific colors for definite 
ises as a check upon previous researches and to establish certain 

olors for traffic signals. A third committee will study non-lumin- 
ous signs and signals (excluding luminous signals) and after a 
horough research propose signs of definite colors and shapes for 

ighways and also for railroad crossings. 


Automobile Headlight Testing Specifications 
Approved by A.E.S.C. 


NE of the tribulations of the touring motorist—the hopeless 

attempt to comply with the automobile headlighting regula 
ms of all the states through which he passes on his trip across 
‘ continent—will be removed as soon as the various state motor- 
hicle departments have all adopted the Specifications of Labora 
ry Tests for Approval of Electric Headlighting Devices for Motor 
Vehicles which has just been approved by the American Engineering 
Standards Committee. 


; 


; 


ven before these specifications had been formally approved by 
the A.E.S.C., nine of the states indicated that they would adopt 
the specifications; in three states they are already in effect. 

These specifications were submitted to the A.E.S.C. by the 
lilluminating Engineering Society. This organization and the 
Society of Automotive Engineers have been appointed joint spon- 
sors for any revision and further development of the code which 
may be necessary. 
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NEWS OF OTHER SOCIETIES 
TAYLOR SOCIETY 


The recent meeting of the Taylor Society was a particularly 
practical one in that the papers presented at its sessions were chiefly 
descriptions of actual conditions and problems in various concerns, 
and that ample time was allowed for discussion on each of them. 

The first of the six addresses at the convention, which was held in 
New York, November 23 and 24, 1922, was by Percy 8S. Brown, 
works manager of The Corona Typewriter Company, Groton, N. Y. 
His address dealt with a specific type of manufacture, the continuous 
production of portable typew riters, their cases and a few accessories, 
for which it has been found expedient to departmentalize highly and to 
standardize operations. The functions of the various departments 
and their relation to each other were discussed in some detail by Mr. 
grown, who also told of research work to develop standard operations. 
The Corona Company stimulates the interest of its foremen by 
holding bi-monthly conferences at which the management presents 
information on sales costs, items of expense, and other matters not 
usually brought to the attention of foremen, and gives an oppor- 
tunity for discussion of all major factory problems. Reduction 
of manufacturing costs by the study of routing operations and 
precise control through the planning system has been effected to a 
large degree in the plants of the Corona Company. The discussion 
upon Mr. Brown’s paper was led by L. Herbert Ballou, of the Lewis 
Mig. Co., Walpole, Mass., and R. H. Lansburgh, Wharton School. 
University of Pennsylvania 

Dr. H. 8. Person, managing director of the Taylor Society, 
speaking at an evening session on Thursday, November 23, on 
Shaping Your Management to Meet Developing Industrial Condi- 
tions, reviewed conditions during the last few years and showed the 
effect of the recent business depression upon various enterprises. 
He stated as his belief that there are still many difficulties to be met, 
particularly by those establishments which continue to employ 
conventional management methods. 

Dr. Person said that he did not believe that future conditions 
could safely be forecasted from the present industrial activity 
and went on to point out some of the facts which have been learned 
from studies of business cycles and analyses of industrial conditions. 
He called attention to the fact that demand is going to be less than 
the productive capacity and said that the way out for the successful 
competitor seems to be to develop an inclusive system of manage- 
ment which will more than compensate for high prime costs by cost 
savings elsewhere, thereby effecting lower factory costs and making 
possible lower selling prices 

Among his suggestions for the new management Dr. Person 
emphasized the need of more thought being given to policy and gen- 
eral plans and advocated that definite master plans, budgets, and 
schedules of operation be devised for a considerable period ahead. 
Organizations should have units to analyze the market and inter- 
pret industrial statistics. Improved production methods should be 
more generally utilized and advertising should bear on the quality of 
staple merchandise rather than on the creation of new wants. The 
cooperation of the personnel is essential and the foreeful, acquisitive 
type of executive should be balanced by the thinking, investigating, 
planning type. 

A session on statistical compilation was particularly welcome as 
many business organizations seem to find it difficult to determine 
what statistics are essential and what are non-essential, and to 
establish a statistical technique which secures results precisely and 
economically. Harry B. Horwitz and H. J. Hutkin, chief speakers 
at this session, discussed some of the uses of statistical compilation as 
a function of scientific management, presenting a description of the 
organization, methods, results, and equipment of the planning 
department of the statistical and methods divisions of the Joseph 
and Feiss Company of Cleveland, with which both are connected. 

The methods of the Hood Rubber Co. and those of the Dennison 
Mfg. Co. in analyzing the market and establishing codrdinated 
schedules of sales production and finance on the basis of that 
analysis were described by representatives of those companies, 
W. W. Duncan and E. E. Brooks, respectively. 

Philip J. Reilly, associate director of the Retail Research Associa- 
tion, New York, addressed the convention on November 24 on the 
subject of the reduction of waste through research studies in the 








operating departments of retail stores, summarizing the results of 
recent studies that have been made by his association. 

The closing symposium dealt with the supervision of personnel. 
It reviewed the development of personnel departments and the 
elimination of many of them during the period of depression follow- 
ing the war, pointing out the durable features of personnel work. 


AMERICAN SocrETy OF REFRIGERATING ENGINEERS 


The eighteenth annual meeting of the American Society of Re- 
frigerating Engineers, one session of which was held in conjunction 
with the A.\S.M.E. Annual Meeting, took place in New York, 
December 4 to 6, inclusive. The opening session was devoted to a 
business meeting, which included discussions of the Mechanical 

tefrigeration Safety Code and the Code for Unfired Pressure 

Vessels. New officers elected at this session were William 8. Shipley, 
Brooklyn, N. Y., president, Van R. H. Green, New York City, vice- 
president; L. Howard Jenks was reélected treasurer, and William 
H. Ross, secretary. 

The joint session with the A.S.M.E., held on the afternoon of 
December 4, included two papers, one on the Economic Thickness 
of Insulation in the Refrigerating Field, by Percy Nicholls, Pitts- 
burgh, Pa., contributed by the A.S.R.E.; and one on the Design of 
Cooling Towers, by C. 8. Robinson, of the Department of Chemical 
Engineering, Massachusetts Institute of Technology, contributed 
by the A.S.M.E. 

Mr. Nicholls, who is connected with the Research Laboratory of 
the A.S.R.E.. defined the economic thickness for a heat insulation 
as that which will reduce to a minimum the sum of the expenses due 
to the heat passed through it plus the expenses of prevention. He 
interpreted this definition for such cases as the walls of ice and 
storage houses, pointing out the factors of monetary expense, and 
also for tanks, pipes, and cylinders. Mr. Nicholls stated that it 
was not his purpose to recommend a definite thickness, but rather 
to establish a standard of reference, and to set forth a basis of argu- 
ment on which the figuring of the thickness may be done. 

In Mr. Robinson’s paper it was pointed out that engineers have 
designed cooling towers in the past on empirical information and 
in accordance with the experience of previous successful designs. 
Wide departure from standard designs is difficult because of the 
lack of scientific basis for the design. Mr. Robinson therefore 
established the general principle applicable to cooling-tower design 
and derived equations for the use of the designer. He presented a 
quantity of experimental data to substantiate the validity of his 
formulas and showed by an actual experiment how these formulas 
are applicable to the design of a counter-current cooling tower. 

The presidential address, delivered by Harry Sloan of Milwaukee, 
Wis., retiring president of the society, at an evening session, Decem- 
ber 4, was on the subject of educating and training the engineer. 
Other addresses at this session were by C. 8. Cragoe, of the National 
Bureau of Standards, Washington, D. C., giving the physical proper- 
ties of ammonia as determined by that bureau, and by H. J. Macin- 
tire, Urbana, Ill., on the Flexibility of Cast-Iron Radiators for 
Direct Expansion of Ammonia. 

Two technical sessions were heid on the second day of the con- 
vention at which four papers were presented and the commercial 
value of hydrocarbon refrigerants was discussed. George A. Horne, 
of New York City, described tests made at the Tenth Avenue plant 
of the Merchants’ Refrigerating Co., New York, to determine the 
horsepower for varying condenser pressures of a single-acting simple 
ammonia compressor, and tubular condensers. The machine on 
which the tests were made is a vertical three-cylinder, single-acting, 
simple compressor of the enclosed type with pistons 18 in. in di- 
ameter and a 20-in. stroke. The machine is direct-connected to 
a synchronous motor and is operated at 164 r.p.m. The condens- 
ers are shell and tube, open type, in which the water is pumped over 
the top and flows through the tubes by gravity into an open pan. 
The condenser liquid is cooled in a double-pipe liquid cooler from 
which it passes to a shell-and-tube brine cooler. Mr. Horne’s 
paper contained tables giving test data, power calculations and 
volumetric efficiencies, condenser calculations and data, and cali- 
brations of the ammonia meter. He called particular attention to 
this method of measuring the refrigerating output of the compressor, 
which he said was a distinct refinement over any method of simply 
weighing or gaging the liquid during the tests. 
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A paper by W. G. Croll, of Wellington, New Zealand, described 
the design of several air batteries installed in a plant in southern 
New Zealand for use in the refrigeration of meat. Desirable features 
of this method are clean, dry freezing rooms and purer air, and al- 
though the first cost is expensive, the power factor is high. 

There were also presented at this session papers on the Com- 
presion Refrigerating Cycle, by W. H. Motz, Chicago, TIl., and the 
Reliability of Fluid Meters in Refrigeration Tests, by L.S. Morse, 
York, Pa. 

The closing technical session was held on Wednesday, December 
6, and included papers entitled Heat Waste in Ammonia-Compres- 
sion Refrigerating Machines, by J. H. H. Voss, New York, and An 
Oscillating Compressor for Ammonia, by H. J. Macintire, Urbana, 
Ill., together with discussions of new things in refrigeration and 
other topics suggested by the membership. 

Inspection trips were made to the Tenth Avenue and North Moore 
Street plants of the American Refrigerating Company, to the Hell- 
gate Station of the United Electric Light & Power Co., and to the 
Carrier Engineering Corpn., of Newark. 


SociETY OF NAVAL ARCHITECTS AND MARINE ENGINEERS 


The thirtieth general meeting of the Soci ty of Naval Architects 
and Marine Engineers was held in New York during American 
Marine Week, November 8 and 9, 1922. Twelve technical papers 
were presented, a number of which dealt with subjects of interest 
to mechanical engineers. 

Elmer A. Sperry, president of the Sperry Gy roscope Co., Bre oklyn, 
N. Y., in a paper on Automatic Steering, described the method of 
operation of the “iron quartermaster” and its auxiliaries. Although 
best results can be obtained with this instrument, an experienced 
quartermaster, with the aid of a gyro-compass repeater conven- 
iently located, can obtain a high degree of accuracy in steering. 
Mr. Sperry also discussed steering by magnetic compass and de- 
scribed separate and unit systems for automatic steering. 

Edwin A. Stevens, Jr., vice-president of the Hoboken Land & 
Improvement Co., showed the results of applying Dyson’s method 
of analysis to propellers of ocean-going merchant vessels. Three 
groups of ships were considered, namely, single-screw vessels; 
vessels fitted with two or more screws, the wing screw being carried 
in struts; and vessels fitted with two or more screws, the wing screws 
being carried in bosses or spectacle frames. 

Results of wake tests performed upon different models by means 
of a current meter filled with wheels of varying diameter, were given 
by E. M. Bragg, professor of naval architecture and marine engineer- 
ing at the University of Michigan. The study showed that any 
complete system for determining wake values must take account 
of the diameter of the screw relative to the draft of the ship; the 
draft of the ship relative to the breadth of the ship; the fore and 
aft position of the screw; the transverse position of the screw; 
the vertical position of the screw relative to the keel; and the vertical 
prismatic coefficient of the ship. 

In a paper entitled Some Experiments on Propeller Position and 
Propulsive Efficiency, Rear-Admiral David W. Taylor, U. 8. N., 
enumerated the factors affecting hull efficiency and described ex- 
periments upon a single-screw low-speed vessel to determine the 
propeller position. 

A. D. Stevens, naval architect and consulting engineer, Jackson- 
ville, Fla., gave a description of how a Government sub-chaser 
was converted into a 1650-hp. gasoline fire boat for Jacksonville. 

Prof. William Hovgaard, Massachusetts Institute of Technology, 
presented a paper containing a brief description of the principal 
features of a ship of the Zeppelin type. He also took up the problem 
of the calculation of stresses and compared the method of transvers: 
shears and of bending moments, giving reasons for the superiority 
of the latter method. 

Points to be considered in the selection of propelling machinery 
from the point of view of the ship owner were given by J. L. Acker- 
son, vice-president of the Merchant Shipbuilding Corporation, 
Chester, Pa. Reliability, economy in operation, and weight were 
the factors emphasized. 

The fact that the Second Annual Marine Exposition was held in 
New York during the week of November 4-11 gave those attending 
the convention an opportunity to see the latest developments in 
hull construction, propulsion machinery, particularly the Diesel 
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engine, and safety devices, and such modern equipment as the Lincoln New Dean of Klectrical Engineering 
radio direction finder, the mechanical quartermaster described in ; _ rs , 

; - a . School of Corne rersity 
Mr spe rry 8s paper on Automatic Steering, and sounding apparatu h I mn ll { nivel ity 


() Ni . Qo », neoln 
NATIONAL PERSONNEL ASSOCIATION n vember 1, 1922, Paul M. Lincoln 


yee assumed his duties as director of the electrical 
The first annual convention of the National Personnel Associatior 


was held at Pittsburgh, Pa., November 8-10, 1922. This associa 
tion Was recently formed through the merger ol the National 


engineering school of Cornell University, re- 
placing Prof. Alexander Gray who died some 
months ago. Since 1919 Mr. Lincoln has been 
associated with the Lincoln Electric Co., 
organized by his older brother in 1904. Mr. 
Lincoln was graduated in 1892 from Ohio 
State Unive 


\ssociation of Corporation Training and the Industrial Relation 
(Assoc ination of America 
Immigration was a principal topic of the convention. The effect 


of existing immigration laws on labor and industry, training immi- 











rsity with the degree of M.E. in 
grant workers, the social and economic effects of our immigration .E., and then entered the employ of the 
policy, and the immigrant’s point of view were subjects discussed Short Electric Co.. Cleveland. Ohio. Later 
Among the speakers were Michael 1] Pupu professor of electro he was connected witl the Westinghouse 
mechani , RA luml Pe | hive rsity, and AY ivnus \\ Ak Xl der | le etris & Manufact ring Co.. Pittsburgh 


managing director of the National Industrial Conference Board Pa 


, and after two and a half years with tl Pau M. Lincou 
; Tr} oti a 4 ‘ i? . = -rour -—S . “Ol! bene ad : : 
rhe Committee on Trad ApI renticeship Progress recommended — eoneern became electrical superintendent of 
that a system , leveloping sulicie! trainit g cour be centralized the Niagara Falls Power Co., Niagara Falls. N. Y.. where he 
under a national organization that would embody representative located for seven vear In 1902 he returned to the Westing! 
2 | rs ven ve ~ é re ned to t Scully Lam 
from the manufacturing, educational, and publishing instituti ( where for about seven vears he had charge of the power di 
) | S I , . 
ind sub-organizations to introduce and supervise thi ork in of the engineering department. In 1910 he w uppointed 
different sections throughout the country ICT el meer vy hn the compan and re mmned Vit thre 
Phe report ol the Committee on Employment tnd | DOr Purr 1O19, when he resigned to become issociated with the Lineolr | ‘ 
over emphasized the need for coéperation between employment and tric Co From 1911 to 1915 Mr. Lincoln acted as head the els 
operating departments, and for careful consideration on the part rical school of the University of Pittsburgh, while still « y 
of the management in hiring, training, and discharging employees his work with the Westinghouse Co 
Phe Committee on Economies for Employ: ibe — we < Mr. Lincoln is a member of both the A.S.M.E., and the A.L.E.1 
Investigation Ol TM thods Ol traning in industrial conol ind Was preside nt of the latter society in 1914 In 1902 rit vent d 
touching particularly on the gathering of data illustrating the the synchroscope, for which he was awarded the John Scott Medal 
nomic principles as they are working out through the various ~ by the City of Philadelphia on recommendation of The Fr 
and every-day relationships of the employee with his job, his fellow- [py ctitute 


1 


employees with the firm, and wit! 


his employers 
The Committee on Shop Training, headed by R. L. Sackett Boston Gives M.I.T. Students Unusual 


dean of engineering, Pennsylvania State College, presented a r 


Opportunity 


port calling attention to the shortage of skilled workmen and out 





lining different types of training Qt DIENTS at the Massachusetts Institute of Technology | 

Discussing the development of men for executive positions, a ‘~ been given an opportunity to assist in solving some of Bost 
committee headed by ‘ R. Dooley, manager of personnel and municipal prol lems in a recent offer made by that citv through its 
training, Standard Oil Company of New Jersey, said that “com- mayor James M. Curler Four prizes of $500 each will be giver 
panies having had training courses for several years invariably — for the best reports and working plans for solving certain problems 
report that the effort and expense involved are justified by the connected with street traffic, street cleaning. malodorous and un 
results.” nitary nuisances, and fire-protective building constructior 

The re port on foreman-training methods stated that foreman hip The competition is open to anv student enrolled at M.LT. i 
training to be really effective must be a continuous process, and 1922-1923 ind is to be con luded May 1, 1923. The conditions o 
prophesied that the work of the next few years will be not so much the contest stipulate that the recipients of such prize awards re 
the development of new methods as better application of the —Jinquish full rights, without further payments, to the use of th 
methods already outlined to the conditions for which they are best — viene < or methods proposed. One judge is to be selected by the 
uited mayor, one by the head of the Department of Civil and Sanitary 


The Committee on Personnel Problems of Small Offices reported 
that the chief fact discovered “is the almost total lack of a « 
lanned training program in the majority of companies. Training Chinese Board Specifies A.S.M.E. Boilers 

1 small offices has been left to take care of itself.” 

An especially important report was that on relations with engi- In a recent communication Mr Wm. Althoff, Asst. Chief, In- 
eering colleges, prepared by a committee of which W. I. Wicken- dustrial Machinery Division of the Department of Commerce, 
en, American Telephone & Telegraph Co., New York, is chairman. Washington, D. C., states that the Department has received copies 
he report enumerates ways and means by which assistance, through of specifications for tenders invited by the Min River Conservancy 


engineering at the Institute, and the third by the two so selected 


e Personnel Association, can be rendered by industries to engineer- | Board, Foochow, China, for a steam-operated river-type hydraulic 
¢ colleges. dredge for improving the channel of the Min River; tenders to be 
Reports were also heard on health education, pensions for in- im the hands of the Board not later than February 15, 1923. These 
istrial and commercial employees, employee publications, and specifications include the following clauses: 
dustrial and public-school relations, industrial motion pictures, Boiler. The boiler shall be constructed in accordance with 

| job analyses the specifications of the Boiler Code Committee of the A.S.M.1 


, : r other equivalent specifications 
Other addresses at the convention were by W. W. Kineaid, Hull The steel used in the hull shall meet the requirements 


. ' ° ° . . i 
igara Falls, president ol the Association, on Nationwide Co- of the specifications for structural steel for ships of the Amer 
eration in Personnel Work, and by EF. K. Hall, vice-president of the Society for Testing Materials—or other equivalent specificat 


: nerican Telephone & Telegraph Co., on Management’s Re- The Min River Conservancy Board, although a Chinese Govern- 
nsibility for and Opportunities in the Personnel Job. ment organization is, through their representation on it, under tl! 


Inspection trips were made during the convention to the East virtual power and control of the commissioner of customs and th 
Pittsburgh works of the Westinghouse Elec. & Mfg. Co., the Du- foreign consular representatives and representatives of foreign 


esne works of the Carnegie Steel Co., the Colfax power plant of | commercial bodies. Its funds are supplied by a surtax on the reg- 

Duquesne Light Co., the American Window Glass Co., Arnold, ular customs tariff and the funds are administered by the Board 
' Pa., and the Mellon Institute of Industrial Research of the though collected by the customs. The engineer in chief is an 
| University of Pittsburgh. \merican. 











AMERICAN MALLEABLE Cast Iron. By H. A. Schwartz. First edition. 
Penton Publishing Co., Cleveland, Ohio, 1922. Cloth, 6 X 9 in., 
416 pp., illus., diagrams, $7. 


This book, the only American one on the subject now in print, 
is the work of a metallurgist with long experience in the industry. 
The volume opens with a historical account of the development of 
the malleable industry in the United States from its inception in 
1820. The various phases of manufacture are then discussed, in- 
cluding the plant, materials, fuels, refractories and melting practice 
with air, electric, cupola and open-hearth furnaces. Succeeding 
chapters treat of annealing, molding and pattern-making, cleaning, 
finishing, inspecting and testing. The final section of the book is a 
study of the physical, thermal and electrical properties of malleable 
castings, in which is given much hitherto unpublished material. A 
selected bibliography of nearly 200 references is given. 


A.S.T.M. Tentative Sranparps. 1922. American Society for Testing 
Materials, Philadelphia, 1922. Cloth, 6 * 9 in., $8. 

The 1922 issue of tentative standards contains 163 specifications 
for engineering materials, such as metals, cement, lime, gypsum and 
clay products, preservative coatings, petroleum products, road ma- 
terials, coal and coke, waterproofing, insulating materials, containers, 
rubber goods and textiles. These specifications are tentative, 
that is, they are distributed prior to definite adoption, for the 
purpose of eliciting criticism. 


ANTHRACITE AND THE ANTHRACITE INDUSTRY. $y A. Leonard Summers. 
Isaac Pitman & Sons, New York, 1922. Pitman’s Common Commodi- 


5 7 in., 126 pp., illus., map, $1. 


ties and Industries.) Cloth, 5 > 


A brief non-technical account of anthracite mining, and of the 
advantages of anthracite as a fuel, with special reference to British 
conditions. 


Bett Conveyors AND Bett Ex.evators. By Frederic V. Hetzel. John 
Wiley & Sons, New York, 1922. Cloth, 6 * 9 in., 333 pp., illus., 
diagrams, tables, $5. 


This book, the author says, is not a mere restatement of trade 
literature nor a collection of descriptions of installations of conveying 
and elevating machinery. It aims rather to explain principles and 
the reasons for doing things. The present volume deals with belt 
conveyors and belt elevators, and uses these machines, which are 
so widely useful, to illustrate some of the general principles that 
underly the design and use of conveying and elevating machinery. 
The author has had thirty years’ experience in the design, manu- 
facture and erection of machinery of this kind. 


BERECHNEN UND ENTWERFEN VON TURBINEN-UND WASSERKRAFT-ANLAGEN 
By I. Holl. Third edition. R. Oldenbourg, Munich, 1922 Paper, 


7 X 10 in., 181 pp., illus., 225 mk. 


Holl’s Calculation and Design of Turbine and Water-Power 
Plants was written with the intention to furnish all who are in- 
terested in water-power plants with a convenient assistant in solving 
the various problems that arise in calculation and design. To facil- 
itate calculation, the author invented a turbine slide rule, the use 
of which is explained in this book. 

In this edition, which is thoroughly revised, the book is planned 
to give the designer a concise introduction to all the structural and 
mechanical details of water-power plants, which will not only enable 
him to determine the turbine system for any projected plant, but 
will also give information upon the construction required in con- 
nection therewith. 


Dyker’s AUTOMOBILE AND GASOLINE ENGINE EncycLopepia. By A. L. 
Dyke. Thirteenth edition. Goodheart-Willcox Co., Chicago, 1922. 
Cloth, 7 X 10 in., 1226 pp., illus., $6. 


The new edition of this well known reference and instruction book 
has been entirely rewritten and rearranged. The number of pages 
has been increased from 960 to 1238, and the illustrations from 3362 
to 4143. Intended for owners, repair men and students, the book 


LIBRARY NOTES AND BOOK REVIEWS 


is a remarkably comprehensive compendium of information on auto- 
mobile construction, operation and repair. 


Evecrric Power-PLANT ENGINEERING. By J. Weingreen. Third edition. 
McGraw-Hill Book Co., New York, 1922. Cloth, 6 * 9 in., 511 pp 
illus., diagram 


Intended to provide information on practical problems connected 
with the control of the generation and distribution of electrical 
energy. Theoretical discussions are reduced to a minimum, the 
book being primarily a record of current American practice In power- 
plant engineering. This edition has been thoroughly revised 
New material has been added on oil switches, open-air switches, 
lightning arresters and outdoor sub-stations, and reactive coils and 
synchronous condensers have been discussed in greater detail. 


ELEKTRISCHE OEFEN By Oswald Meyer Vereinigung Wissenschaftlicher 
Verleger, Berlin and Leipzig, 1922. Boards, 4 XK 6 in., 133° pp., illus., 


SOLO 


This little book opens with a short historical review of electric- 
heating processes Next are discussed the physical foundations, 
methods of measuring furnace temperatures, structural elements 
and materials for electric furnaces This is followed by a chapter 
devoted to the various types of furnaces, classified by methods of 
heating. 
in various industries, domestic electric apparatus for heating and 


The remaining chapte rs discuss the use of electric furnaces 


cooking, electric boilers, ete 
HANDBOOK OF THE NATIONAL District HEATING ASSOCIATION DD. L. Gas 
kill, Sec’y-Treas., Greenville, 1921 Fabrikoid, 5 X 7 in., $5 


Prepared by the Educational Committee of the Association, and 
intended as a working manual of district-heating practice, partic- 
ularly with respect to engineering problems. The material is pub- 
lished in loose-leaf form, arranged in two general divisions, Steam 
and Hot-Water Heating Each of these divisions is subdivided 
into the following groups: General, Generation, Distribution, Util- 
ization, Metering. In addition to engineering data, commercial 
information supplied by manufacturers of apparatus Is included 


Hurre. HILFsTarFELN zuR I VERWANDLUNG VON EcuTeN BRUCHEN IN 
Dezimat-Brucne, IL. ZerueGunG per ZAHLEN B1s 10,000 IN Prim 
FAKTOREN. Third edition. Edited by the Akademischen Verei: 
Hiitte. Wilhelm Ernst & Sohn, Berlin, 1922. Paper, 5 X 8 in 


83 pp., tables, 2 mks 


Two convenient mathematical tables, for the use of calculator: 
and designers are given in this little book. Table I is a series of 


common fractions arranged in an increasing series and accompanies 
by their decimal equivalents, calculated to eleven places It ca 
be used to translate any decimal fraction into a common fraction 
neither term of which will be greater than 100. Table II gives th 
simplest factors of all numbers not divisible by 2 or 5, from 1 t 
10,000 and also shows the prime numbers in this range. 

The tables are intended primarily for determing gear ratios for 
lathes, milling machines, ete., but are adapted for other uses as well 
Ixamples of their use for various purposes are given. 


MANUFACTURE AND Uses or ABRASIVE Martertiaus. By Alfred B. Seark 
Isaac Pitman & Sons, New York, 1922. (Pitman’s Technical Prinx 
Series.) Cloth, 4 X 6in., 118 pp., illus., $0.85. 


Brief description of abrasive materials and their preparation an 
of the manufacture of abrasive wheels, papers and polishes, togeth« 
with advice upon the selection and testing of abrasives, and t! 
erection and operation of grinding machines. Should be useful | 
those called upon to deal with grinding problems without any ver 
extended experience in the art. 

MANvuFAcTURE OF Dyes. By John Cannell Cain. Macmillan & ( 
New York, 1922. Cloth, 6 9 in., 274 pp., $4.50. 

This volume seems intended as a supplement to the author 
earlier work, The Manufacture of Intermediate Products for Dy: 
It describes methods for making a large number of commercial dy: 
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iy ing details of the processes and referring to the English, American, 
French and German patents concern d, as well as to descriptions in 
books and yp riodicals 


THeory oF Wave TRANSMISSION 
edition, revised Walter 
209 pp., table 10s. 6d 


B George Constantinesco Second 
Haddon 1922 Cloth, 5 * 9 


A detailed mathematical exposition of the theory underlying the 
method of In this 
system energy is transmitted from one point to another by means 


power transmission invented by the author. 


of periodic variations of pressure which produce longitudinal wave 
pulsations in a column of liquid enclosed in a system of piping con- 
the wave the Many 
advantages are claimed for the method, which has been applied 
practically to rock drills and other percussive tools and to trigger 
control in machine guns, and is now being adapted to the production 
of rotary motion 


necting generator and tool or machine 


PREATISE ON Besse, FuNcTIONS By Andrew Gra nd G. B. Mathew 
Second edition Macmillan & Co., London, 1922. Cloth, 6*9 in 
327 pp., $12 


This book has been written in view of the great and growing 
Bessel functions in 
and its 


ol the 


importance of the almost every branch ot 


mathematical physics principal object is to supply in a 


convenient form as much theory of functions as is necessary 


for their practical application, and to illustrate their use by a 
selection of physical problems, worked out in some detail. This 
The earlier chapters 
have been rewritten, examples have been appended and additions 


new edition has been thoroughly revised 


have been made to the tables 


A bibliography is included 
WELDING ENCYCLOPEDIA By L. B. Mackenzie and H. 8S. Card Second 
oe Uar SS DD ~ t tole charts aa 


A reference book on the theory, practice and application of the 
four processes for autogenous welding. The first half of the book 
is a dictionary of the words, terms and trade names used in the 
industry. Included in this are instructions for the common types 
of repair and production work, descriptions of tests, specifications 
for rods and wires, and descriptions of the application of welding 
the 
for welding, giving detailed de- 
scriptions of each and instructions for its use. 


in various industries. Following dictionary are separate 
chapters on the four processes 
Chapters on boiler 
tank, pipe and rail-joint welding are then given, followed by a 
the and state authorities, and 
insurance companies, and a chapter on the heat treatment of steel. 
\ collection of charts and tables and 


prov ided 


section on regulations of federal 


4 catalog section are also 


TESTING INVOLUTE SPUR GEARS 


ng gears. No matter how accurately a gear may be cut, if it is 
‘arelessly forced or keyed on its shaft or if the shafts are not in 


ine in both planes, satisfactory operation cannot be obtained. 


Discussion 


B. F. Waterman! submitted a written discussion in which he 
iid that the reason gears had not been inspected with quite the 
recision employed in the Cause of other and simpler pieces, was 
cause gears were not the easiest pieces of mechanism to under- 
and and measure. 

In most shops if a pair of gears was noisy it was immediately 
sumed that the cutter was not right or, if the cutters had cut 
other gears that had run quietly, that the gear-cutting machine 
is at fault, when it was probably neither of these but rather care- 
ssness on the part of the operator in setting up the machine, and 
perhaps improper mounting of the gears or, last but the least con- 
lered, the design of the gears or the machine upon which they 
re finally mounted to run. 
If, however, proper care was taken in using the machines and 
cutting tools, and means were at hand for testing the gears, much 


Designer, Brown & Sharpe Mfg. Co., Mem. Am. 


Soc.M.E. 


Prov idence, R. 3 
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trouble could be avoided. In all up-to-date shops an effort was 
made to check the first pair of gears taken off the cutting machine 
and, il the were not correct, steps could he f iken to correct the 
trouble in so far as the gears were concerned 

In most shops the gear-testing machine first mentioned in the 


paper was sufficient, as it was a very easy one to usé 
merit and un- 
doubtedly would find a place in many gear shops, but it was perhaps 


With gears, 


tolerances of gr 


The Saurer machine seen d to have consider ible 


erything else 
had to be 


most gears as with ey 


too exacting tor 


used in machinery, iter or less degree 


employed, and in most cases they were sufficiently great to make 


e use ot Charts unnecessary 


Charles H. Logue? wrote that the study of irregularities in pitch- 


line velocities was a study of the entire gear problem, and the paper 
was therefore of vital importance 

It might be claimed that there was little use In locating and 
measuring errors in the formation of gear teeth that what was 
required was a means for producing gears free from error. The 
fact of the matter was that there was little chance for securing the 


means by which more perfect gears might be produced, until th 


nature of the errors encountered could be located, measured and 
understood. This must serve as a guide in the production of 
better cutters and hobs, as well as in the design of the teeth them- 
selves (Again, to attain the highest quality or to maintain an\ 
uniform quality with the means at hand, facilities must be imme 
diately vailable for a measurement of quality In all other 
branches of machine-shop practice this was a recognized principl 
it was onl nthe cutting ¢ gear teeth that this principle was 


ignore d 


The testing machine described by M1 


definite cans by which the wecumulative error ol a pa ol gea 
might by measured. leaving no opportunity for a difference 
opinion as to relative operating quality 


whic] pended 
or upon the correctne 
The trade 


this quality and accept or reject ue 


might be expected ol a pair of gears de 
primarily upon their operating quality, ss of 
tr formation and spacing of the teeth sooner or later. 


j ; 
WOULG Speciry irs on percenta e 


of error in pitch-line velocities—that is, they would ask for a definite 
measure ol 
earl 
poses 
were sufficiently accurate and reliable to produce the desired results; 
second, to test the results actually obtained 
bad 


equipment, which in many cases was laboratory equipment 


attainment 
Bur ku gham . uid that an Inspection had two prime pul 
First to see that the manulacturing facilities and processes 
to sort out the good 


work from the To test the tools required a great variety of 
Any 
facilities for testing the product itself should be extremely simple 
The so-called feeler test was 


who gave 


in extremely rood one when the man 


it understood what he was doing: but after he had sorted 
the good from the bad, he knew but very little as to why the bad 
were bad That 
came in 

Cardullo* 


which 


ones was where the elaborate laboratory 


more 
Instruments 
F. | 


proce SSCS 


gear had been tested by all of 
scribed, there still remained to 

He believed that a part of 
fact that in the action of the 
the effect of 
the teeth was to increase the pressure angle, but after the recess 
the effect pressure angle. That meant 
time the tooth passed the center line, there would be an alteration 


said that after a 
the been de 
be dealt with gears which were nois\ 


} 


the noise might be attributed to the 


gear during the angle of approach friction between 


was to reduc the each 
to some extent in the amount, and to a considerable extent in the 
direction, of the forces acting between the teeth. 

Now, if these forces, which were absolutely independent of the 
form of the gear, were dependent only on the smoothness of action 
and the quality of lubrication, fell into natural synchronism with 
any of the natural vibration periods of the body in which the gear 
was mounted, a noisy set of gears would result, no matter how 
perfect the forms of the teeth and all the other features might be. 
He believed that a great many mysterious gear troubles had been 
There was a very wide field still 
for investigation in the action that went on in a pair of running 


due to something of that nature 


gears, and the possibilities of trouble. 


2 Consulting Engineer, Syracuse, N. Y. 
Engineer, Pratt & Whitney Co., Hartford, Conn. 
‘Chief Engineer, G. A. Gray Co., Cincinnati, Ohio 


Mem. Am.Soc.M.E 
Mem. Am.Soc.M.E 













THE ENGINEERING INDEX 


(Registered United States, Great Britain and Canada) 





Exigencies of publication make it necessary to put the main body of The Engineering 


Index (p. 137-E] of the advertising section 
of issue of ‘Mechanical Engineering.”’ 


into type considerably in advance of the date 
To bring this service more nearly up to date is 


the purpose of this supplementary page of items covering the more important articles 


appearing in journals received up to the third day prior to going to press 





AIRPLANES 


All-Metal. The Modern Airplane and All-Metal 
Construction, William B. Stout Soc Automotive 
Engrs.—J1., vol. 11, no. 6, Dee 1922, pp. 495-500 
and (discussion) 500-504, 11 figs. Outline of struc 
tural problems followed by progress of development 
of thick-wing and all-metal airplanes with which 
author has been identified Author believes that 


future commercial airplanes will have all-metal 
construction 

ALLOYS 

Light. Some Points of Contact Between Metallurgy 


and Engineering, Owen W. Ellis Eng. Jl Eng 
Inst. of Canada), vol. 5, no. 12, Dec 1922, pp 
576-581, 1 fig Early development of iron and steel 
industry; research on alloys; economics of alloys of 
aluminum for structural work; composition and 
mechanical properties of duralumin; tests on a dur 
alumin channel; important alloys recently investi 
gated; possibility of use of light alloys in structural 
field 


AUTOMOBILE ENGINES 

Moderate vs. High-Speed. The Low-Compression 
Low-Speed Engine for Motor Vehicles, F. Strickland, 
and The High-Compression High-Speed Engine for 
Motor Vehicles, H. R. Ricardo Engineering, vol 
114, no. 2968, Nov. 17, 1922, pp. 627-630, 8 figs 
Contributions to debate before Instn. Automobile 
Engrs See also Automotive Industries, vol. 47, 
no. 22, Nov. 30, 1922, pp. 1079-1081 

Reciprocating Parts, Light-Weight. Advantages 
of Light-Weight Reciprocating Parts, L. H. Pomeroy 
Soc. Automotive Engrs.—]1. vol. 11, no. 6, Dec. 1922 
pp. 508-515 and (discussion) 515-519, 1 fig In 
fluence of weight of reciprocating parts on chassis in 
general and engine in particular is emphasized as 
being of greater importance than actual saving in 
weight of parts themselves; tabulation of specific 
strengths of various materials used in automotive 
engineeriig shows advantages of aluminum as com 
pared witn steel; comparison of steel and aluminum 
connecting rods; advantages of using aluminum 
in connecting rod to secure stiffness 


BOILER PLANTS 


Improvements. Plant Improvement Shows Large 
Saving. Power, vol. 56, no. 21, Nov. 21, 1922, pp 
790-794, ll figs. Changes at plant of Int. Motor Co 
made it possible for three boilers operating at 200 
per cent rating to do work of eight used originally; 
large saving was effected by doubling evaporation 
per lb. of coal, resulting from change of boiler baffling 
and application of hand stokers. Plant, instead of 
consuming 50 tons of coal daily, averaged 50 ton 
last winter 


BOILERS 

Electrically Heated. Electric 
Using Surplus Water Power Elec. World, vol. 80 
no. 23, Dec. 2, 1922, pp. 1211-1212, 3 figs High 
effic.ency, negligible attendance, small floor space and 
flexibility of operation claimed for electrically heated 
boilers; relative merits with essential requirement 
three methods of heating water are available, in 
direct, direct and electrode system Based on in 
formation from Hackethal Nachrichten 


Steam Boilers for 


CASTING 
Centrifugal. Casting Steel Ingots Centrifugally 
L. Cammen Iron Age, vol. 110, no. 23, Dec. 7 


1922, pp. 1494-1496, 3 figs. Results from using 
horizontal bottle-neck mold; comparison with earlier 
attempts; excellence of ingots and their cost 


CRANES 

Traveling. 100-Ton Overhead Electric Traveling 
Crane Engineer, vol. 134, no. 3491, Nov. 24, 1922 
p. 562, 3 figs. partly on p. 554. Four-motor electric 
crane, capable of lifting 100 tons, constructed for 
Japanese Navy by Vaughan Crane Co., Manchester, 
England. 


CYLINDERS 

Automobile Engines. Ford Engine-Cylinder Pro 
duction, P. E. Haglund and I. B. Scofield. Soc 
Automotive Engrs.—Jl., vol. 11, no. 6,"Dec. 1922, pp 
463-471, 21 figs. Principles governing intensive 
quantity production; sources and methods of 
handling basic materials that compose Ford engine 
cylinder; fundamental plan of River Rouge plant. 


DIE CASTING 

Developments. Developments in Die-Casting Prac 
tice, Charles Pack. Machy. (N. Y.), vol. 29, no. 4, 
Dec. 1922, pp. 281-283, 3 figs. Die-casting dies; 
location of parting line; draft required in dies for 
castings made from different alloys 

Equipment. Equipment for Making Die-castings, 
A. G. Carman. Machy. (N. Y.), vol. 29, no. 
Dec. 1922, pp. 261-263, 5 figs. Applications of 
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die castings; general principles of die-casting ma 
chines; points on design of parts to be die-cast 
EVAPORATORS 
Flash. The Flash Evaporator Power, vol. 56, no. 
22, Nov. 28, 1922, pp 834-835, 3 figs. New type 


of apparatus for producing distilled makeup water 


Triple-Effect. How a Lillie Evaporator Operate 


Power, vol. 56, no. 21, Nov. 21, 1922, pp. SO02-S04 


3 figs Operation of triple-effect evaporator that 
operates on exhaust stean 

FOREMEN 

Duties. The Rightful Place of tl Shop Forematr 
d Rodrick Indus. Mana nt N \ 
vol. 64, no. 6, Dex 1922, pp 350-351 and 354 
Tells how shop foreman can become most valua 
link in management chain 

Training. Training Steelwork Foremen, B. M 


Nussbaum Iron Trade Rev., vol. 57, nos. 21 and 
22, Nov. 23 and 30, 1922, pp. 1407-1408 and 1491 





1492 Points out that management should parti 
pate in training; instruction and fundamentals o 
industrial management given in iron and ste 
dustry with successful result club idea failed 

FREIGHT HANDLING 

**Veri-Direct’’ Method Che “‘Veri-Direct"’ Method 
of Handling L.C_L. Freight Ry. Age, vol. 73, no 
23, Dec. 2, 1922, pp. 1053-1057, 6 fig Method of 


into cars In use 
which has reduced 
loadin ibout 70 


condition 


loading freight from freight house 
in Ohio region of Erie R. R 
errors and losses due to wrong 


per cent as compared with former 


FURNACES, ANNEALING 

Continuous. Continuous Annealing Furnaci for 
Sheets Iron Age, vol. 110, no. 21, Nov. 23, 1922 
pp. 1342-1343, 3 figs Car-type furnaces with daily 
capacity of 125 tons each at Ashtabula steel plant 
pulverized coal used as fuel See also article by E. I 
Shaner in Iron Trade Rev., vol. 71, no. 21, Nov. 2 
1922, pp. 1423-1427, 8 f 


GAS PRODUCERS 
Mechanically Agitated. Th t 


Producer with Mechanical Agitator I 
vol. 114, no. 2967, Nov. 10, 1922, pp. 597-598, 8 





Embodies Chapman floating agitator and new forn 
of automatic ash extractor 

GEARS 

Involute Curve. The Law of the Involute Curve 
©. G. Simmons Am. Mach., vol. 57, nos. 21 and 
22, Nov. 23 and 30, 1922, pp. SO1L-S803 and 837-839 
6 figs Determining lead of involute curve: how 
right- and left-hand involute may be generated 
finding length of involutes; developed principk 
applied to generating gear teeth; adapting milli: 
machine to cutting gear teeth with true involut: 

HOBBING MACHINES 

Testing. Testing Gear-hobbing Machin D. Vaughn 
Water Machy N. ¥ vol. 29. no. 4, De« 1022 
pp. 304 306, 5 figs resting fixture ised by Go 


& Eberhardt, Newark, N. J 


HOBS 

Manufacturing. Simmons Method of Hob Makin 
Charles ©. Herb Machy N. Y.), vol. 29, no. 4 
Dec. 1922, pp. 255-260, 11 fig Method of simul 
taneously generating and relieving teeth of gear 
hobs with revolving cutter resembling spur gear 


INDUSTRIAL MANAGEMENT 


Instructions, Illustrated. Illustrated Instruction 
Joseph Spielvogel Management Eng., vol. 3, no 
6, Dec. 1922, pp. 365-369, 5 figs Shows how, by 
use of illustrations in connection with such items a 
assembly drawings, bills of materials, stock, esti 
mating, inventory and cost records, etc., it is possible 
to apply quantity production principles to manu 
facture of complicated machinery during plasti 
stage of development 

Tool Purchasing and Storage. (Ordering and Stor 
ing Small Tools, W. J. Sansom Am. Mach., vol. 57 
no. 23, Dec. 7, 1922, pp. 869-872, 4 figs. Things to 
do and to avoid in ordering small tools; inspection 
and storage methods; systems of getting tools to 
workmen. 


LATHES 

Semi-Automatic Multi-Cut. New Semi-Automat 
Multi-Cut Lathe, William ©. Strauss. Machy 
(N. Y.), vol. 29, no. 4, Dec. 1922, pp. 276-278, 4 figs 
Machine developed by R. K. LeBlond Machine 
Tool Co., Cincinnati, turns work up to 12 in. in 
diam. and is made in various bed lengths giving 
max. center distances of 18, 26, 34, or 42 in 


LOCOMOTIVES 


Power Reverse Gear. All-Service Locomotive Power 


82 


Reverse Gear Ry Age, vol. 73, no. 23, Dec. 2, 
1922, pp 1051-1052 1 fig New non-creeping 
power reverse gear equally adapted to passenger, 
freight or switching ervice Designed by Trans 
portation Devices Corp 

MACHINE TOOLS 

Selection. Selection of Machine-Tool A. J. Baker 
Soc. Automotive Engr I1., vol. 11, no. 6, Dec, 1922 
pp. 520-528 Investigates problem of determining 


when to make change of equipment by substituting 
new machine tools for old, or special machines for 
standard 


Standard. Standard Machines Increase Production 
L. S. Love Iron Age vol. 110, no. 21, Nov. 23 
1922, pp. 1335-1338, 9 figs Savings effected in use 
of fixtures rather than in special machines; case of 


made in produc 
Division of Am 


quintupled production Change 
tion-plant layout at Gray & Davis 
Bosch Magneto Co 


Standard vs. Special. Standard versus Special 
Machine-Tools for Automotive Production, R. K 
Mitchell. Soc. Automotive Engr Jl., vol. 11, no. 6 
Dec. 1922, pp. 472-473 Points out disadvantage 
attending use of special machine and benefits of 
using standard equipment whenever possible 
possibilities of special jig-and-fixture design that 
would meet needs of manufacturers of standard 
part 

METALS 

Behavior under Stress A Mechanical Model 
Illustrating the Behavior of Metal under tati 
and Alternating Loads, C. F. Jenki Engineering 
vol, 114, no. 2968, Nov. 17, 1922, p. 603, 3 fig 
Model i iid to be capable of illustrating most of 
phenomena whi metals exhibit when tested in any 
way under mechanical stresse not exceeding their 


yield point 


NICKEL-CHROME STEEL 


Segregation 
Chrome Stee 
114, no. 2 


Ingot Corner Segregation in a Nickel 
l. Henry Turner Engineering, vol 
Nov 24 19022 pp. 662-664, 0 fig 

















Experiences encountered in nation of large and 
medium-sized steel forgins h had been received 
for machining at some of most important engineering 
works in England Paper read before taffordshire 
Iron & Steel Inst 

POWER PLANTS 

Economy in The Cost of Power Per $100 of Pay 
Roll, P. F. Walker Management LEng., vol 
no. 6, Dec. 1922, pp. 339-342 Discusses economiz 

power by (1 aving in fuel through greater 

efficiency at source and «(2 aving by eliminatir 
losses in transmission and application within estal 
li ment 

PULVERIZED COAL 

Equipment Rochester Plant Install Pulverized 

Burning Equipment, R. D. DeWolf Power, 

vol. 56, no. 22, No 28, 1922, pp. 845-847, 2 fig 
Furna of two 8750-sq. ft. boilers converted to burn 
pulverized fuel; pulverizing equipment and coal bin 
located direct wove boiler no conveyors ofr 
drier used me operator handles both boiler and 
pulverizer 

Power Plants Modern Industrial Plant Burn 
Pulverized Coal Power, vol. 56, no. 23, Dee 5 
1922, pp. S6S-S74, 8S fig New plant of Eline 
Inc., Milwaukee, contains complete fuel-preparation 
plant pecial ventilation of furnace walls; econo 
mizers and hot-process water-softening system 

RAILWAY MOTOR CARS 

Requirements and Future of. Motor Cars o1 
Rail Sor Automotive Engr Il., vol. 11, no. ¢ 
Dec. 1922, pp. 481-490, 5 fis Contains followir 
paper The Field for the Rail Motor-Car, Roy \ 


Wright; Some Requirements for the Rail Motor-Car 
W. L. Bean; Automotive Rail ars and Their Future 
l Plant 


Development, L. G 


REFRIGERATING PLANTS 
Equipment Specifications. \alue of Specification 


im =6©6@ Purchasinys Refrigerating Equipment A ( 
Bishop Power, vol. 56, no. 23, Dec. 5, 1922, pp 
SS4 SSH Paper read before Nat. Assn. Practica 
Refrig. Engr 

STEAM ENGINES 

Standard Extraction landem Extraction Engir 
for Combined Power Production and kxhaust Stear 


Heating Engineering, vol. 114, no. 2967, Nov. | 

1922, pp. 584-585, 5 figs. partly on p. 558. Tande 

compound engine, in which steam required for heat 

ing purpose is drawn from receiver between tw 
cylinder 

Unifiow. Unaflow Valve Gear of 
Power, vol. 56, no. 23, De« 5, 1922, pp 
© figs Describes several valve gears used on Filer 
Stowell uniflow engines Method of setting valv 


STEEL 

Carbon, Manganese Effecton. Effect of Mangane 
on Carbon Steels, Henry S. Rawdon and Frederi 
Sillers, Jr Iron Age, vol. 110, no. 21, Nov. 23, 1922, 
pp. 1357-1361, 7 fig Their structure as affecte 
by varying percentages; manganese as strengthen 
factor in low and medium steel Published by p 
mission of Bur. of Standards 


STEEL, HEAT TREATMENT OF 

Case-Hardened Articles. Heat Treatment of the 
Core of Case Hardened Articles, H. B. Knowlto 
Forging & Heat Treating, vol. 8, no. 11, Nov. 1922, 
pp. 526-528, 5 figs. Study of effect of carburizing 
heat upon core and ‘of structure and strength o! 
article carburized after various heat treatment 
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